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INTRODUCTION 


way we 


MODERN REFRIGERATION and AIR CONDITIONING covers the 
practical application of refrigeration in all of its branches--Domestic, 
Commercial, Frozen Food Refrigerators, Air Conditioning, Heat 
Pumps, etc. 

MODERN REFRIGERATION and AIR CONDITIONING teaches refrig- 
eration and air conditioning principles--the foundation on which a 
thorough knowledge of these important subjects is based. 

Beginners and apprentices in refrigeration and air conditioning will 
find this book a real aid to getting started on a pleasant and profitable 
career. Experienced servicemen will find it invaluable as a guide, and 


a reference. 


Andrew D. Althouse 


Carl H. Turnquist 
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Chapter 1 


“FUNDAMENTALS 
OF REFRIGERATION 


1-1. HISTORY OF REFRIGERATION 


As far back as history can be 
traced, snow, ice, and cold waterhave 
aided mankind in keeping his food 
supply in good condition. Even today in 
some areas porous vessels containing 
water are used to cool beverages and 
foods. Also, during the warmer 
months, food is kept in deep caves or 
just over the surface of water indeep 
wells. 

Refrigeration, the industry of pre- 
serving food by cold, first became of 
commercial importance during the 
18th century, when ice formed during 
the winter on the surface of lakes and 
ponds was cut and stored in insulated 
store rooms to be used during the 
summer. This practice was followed 
by shipping ice from the colder cli- 
mates to the hotter zones, but this did 
not turn out successfully. The use of 
natural ice made necessary the build- 
ing of insulated containers or ice 
boxes. These first appeared ona large 
scale during the 19th century. 

Ice was first made artificially in 
about 1820, but it was not until 1834 
that this was done successfully. Jacob 
Perkins, an American engineer, was 
the inventor of this apparatus, which 
was the forerunner of our modern 
compression systems. In 1855 aGer-~ 
man produced the first absorption type 
of refrigerating mechanism, although 
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Michael Faraday discovered the prin- 
ciple of the absorption typein 1824, 

The production of artificial ice 
made very little progress until shortly 
after 1890. During that yeara shortage 
of natural ice gave impetus to the 
mechanical ice-making industry. 
Since 1890, the growth of mechanical 
refrigeration in the United States has 
been phenomenal. 

Domestic refrigeration first made 
its appearance about 1910. J. M. 
Larsen produced a manually operated 
household machine in 1913. It was not 
until 1918 that the first automatic 
refrigerator was available on the 
American market (the Kelvinator). 
The Kelvinator Company sold its first 
machine in 1918. Kelvinator sold 
sixty-seven machines that year. Be- 
tween 1918 and 1920 two hundred units 
were sold. Freezing of meats was first 
studied in 1923 and was the origin of 
the frozen foods industry. The General 
Electric Monitor Top appeared in 1926 
after eleven years of experimenting. 
The Monitor Top was the first of the 
‘‘sealed’’ or hermetic automatic re- 
frigerating units. Beginning with 1920, 
domestic refrigeration became one of 
our important industries. The 
Electrolux, which is an automatic 
domestic absorption unit, appeared on 
the American market in 1927. Theuse 
of automatic refrigeration units for 
comfort cooling appeared on the mar- 
ket in 1927. 
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1-2. SCOPE OF MECHANICAL 
REFRIGERATION 


Refrigeration is used 
for domestic refrigeration, commer- 
cial refrigeration, air condition- 
ing, comfort cooling, dehumidifying, 
freezing foods, cooling in manufactur- 
ing processes, and numerous other 
applications. 


Mechanical 


1-3. HEAT 


Heat is molecular motion. All 
substances are made up of tiny mole- 
cules which are in a state of rapid 
motion (vibration). As the tempera- 
ture of a substance is increased the 
motion increases and as thetempera- 
ture decreases, the molecules motion 
decreases. If all heat is extracted 
(absolute zero) from a substance, the 
molecular motion will cease, 


1-4. COLD 


Cold is a relative term used to 
denote a low temperature. Cold is not 
something which is produced, but 
rather heat is extracted and the 
resulting condition is called cold. A 
refrigerator produces a condition 
called ‘‘cold’’ by the process of 
extracting heat from the interior of 
the refrigerator cabinet. The refrig- 
erator does not destroy the heat, but 
rather pumps the heat from the inside 
of the box to the outside. Heat and cold 
are opposite ends of the same thing. 
It may be pointed out here that heat 
cannot travel from a cold body toa 
hot body, but always travels from the 
body of a higher temperature to a 
colder one. (Second law of Thermo- 
dynamics.) 


1-5. HOW COLD PRESERVES FOOD 


As the molecules move slower, 


12 


there is an important effect on the 
bacteria that are present in most 
foods. Cold, or low temperatures, 


slows up the growth of these bacteria 
and foods do not spoil as fast. Slowing 
the movement or cooling of the mole- 
cules tends to make all organisms 
more sluggish. Spoiling of food is 
actually the growth of bacteria in the 
food. If these bacteria can be kept 
from increasing, the food will be 
edible for a longer period of time. 
Since most foods have a considerable 
water content, the food must be kept 
just above freezing temperatures. 

If food is frozen slowly at nearthe 
freezing temperature the ice crystals 
formed are large and their growth 
ruptures the food tissues. When the 
food melts it spoils rapidly and its 
appearance and taste are ruined. Fast 
freezing at very low temperatures 
forms small crystals and the food 
tissues are not injured, 


1-6. REMOVING HEAT 


Heat always flows from hot to 
cold, that is fromhigher temperatures 
to lower temperatures. Faster moving 
molecules impart some of their 
energy to slower moving molecules, 
Therefore, the faster molecule slows 
a little and the slower one moves a 
little faster. Sometimes, however, the 
molecules instead of moving slower 
or faster, change their shape. The 
change in shape is caused by one or . 


more of the atoms in the molecules . 


shifting to a different position andthe 
molecule will change from a gas toa 
liquid, or vice versa, 


1-7. BASIS OF MECHANICAL 
REFRIGERATION 


In order to understand the opera- 
tion of the mechanical refrigerator, it 
is important to understand the 
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physical and thermal properties ofthe 
mechanisms and of the substances 

„used to produce cold. A study of 
elementary physics is needed inorder 
that all the explanations may be well 
understood. A leaking cange can be 
kept afloat by means of bailing the 
craft with a sponge. If the sponge is 
used to soak up the water and is then 
squeezed over the side andthe process 
repeated the canoe will be freedfrom 
the water. The water has not been 

_ destroyed, but merely conveyed from 
inside the canoe into the lake. 

A refrigerator operates in asimilar 
manner, A substance (refrigerant) is 
piped into the refrigerator in sucha 
way that it soaks up heat fromthe box 
and is then passed tothe outside of the 
box where the heat is squeezed out. 
The repetition of this cycle onthe part 
of the refrigerant produces acondition 
in the box called cold. It should be 
noted that some of the heat has been 
removed, not all of it. Service manag- 

_ers of refrigerator companies prefer 
service and installation mechanics who 
are well grounded in the essential 
principles of physics as it pertainsto 
refrigeration. 


1-8. DIMENSIONS 


All measurement of dimensions in 
this text are based on the English 
units such as, inches, feet, andyards. 
One must be able toaccurately meas- 
ure cabinet sizes and volumes. One 
must be able to measuretubing sizes, 
piston, cylinder, journal sizesand the 
like to very accurate dimensions. 


12 inches (in.)=1 foot (ft.) 
3 feet (ft.)=1 yard (yd.) 
5280 feet (ft.)=1 mile (mi.) 
6080 feet (ft.)=1 nautical (mi.) 


Two dimensional space (area) is also 
measured in feet and inch units; that 
is, a square inch or a square foot. 
l square inch is a square area witha 
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i. oe 


l-1. The relation of standard areas. 


1 inch measurement on each side, 
Figure l-1, 

144 squareinches (sq.in.) = 1 square 
foot (sq. ft.) 

(sq. ft.) = 1 square 
yard (sq. yd.) 

Three dimensional space (volume) 
is also measured in English units. All 
substances must be of three dimen- 
sions. These measurements are the 


9 square feet 


l-2. The relation of standard volumes. 


cubic inch, the cubic foot, and the 
cubic yard, Figure 1-2. 1 cubic inch 
(cu. in.) is a cube, 1 inch(in.) on each 
dimension. 

1728 cubic inches (cu.in.) = 
foot (cu. ft.) 
(cu. ft.) = 1 cubic 
yard (cu. yd.) 


1 cubic 


27 cubic feet 
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1-9. PROBLEMS 

. How many square inches are 
equal to 4 square feet? Ans. 576 

. How many square feet are equal 
to 1440 square inches? Ans. 10 

. How many square yards are 
equal to 1296 square inches? 
Ans. 1 

. How many cubic inches are 

equal to 10 cubic feet? 

Ans, 17280 

How many cubic feet are equal 

to 6 cubic yards? Ans. 162 


1-10. MASS AND WEIGHT 


Mass is a property of all matter, 
for everything has mass. Gas has 
mass, water has mass, and metals 
have mass. The mass is indication of 
the number of molecules present ina 
unit quantity of a substance. The 
weight of a substance is due to the 
earth’s attraction on the substance 
(gravity). The only condition in which 
a substance has no weight is when it 
is falling in a vacuum under the 
influence of gravity. At all other 
times it has weight. Therefore, weight 
divided by acceleration due to gravity 
is mass. Ordinarily gravity pullonan 
object will give the object a falling 
acceleration of 32.2 ft. /sec/sec. 

Therefore: 
mass = Weight = slugs 

32.2 ft. persec. persec. 
The unit of mass is the slug. 

It is important to know this slug 
value because all mass obeys the 
following rule: 

Force = mass x acceleration. 
The English units for weight are the 
ounce, the pound, and the ton. 
l6 ounces (0z.) = 1 pound (Ib.) 
2000 pounds (lb.) = 1 ton (ton) 

Example: What is the mass ofa 

10 lb. substance: 
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Mass is W =- 10 = .3106 slugs 


g 32.2 
W = Weight of substance 
g = 32,2 feet per second per second 
1-17. SOLIDS 


Substances exist in three physical 
forms: The solid, the liquid, and the 
gaseous. Water, for example, may 
exist in any one of the above physical 
forms. If it is ice, itis a solid; if it is 
water, it is a liquid; while as steam, 
it is a gas. Three different methods 
are used to express physical proper- 
ties of substances or materials 
corresponding to the three states of 


matter, 


C 


T 


SOLID LIQUID CAS 


l-3. The various ways materials exert pressure. The 
arrows represent the direction of and the relative amount 
of the pressures. 


A solid is any physical substance 
which retains a certain shape. It is 
made of untold billions of molecules, 


all exactly the same, that stay in the 
same place relative to each other, and 


vibrate back and forth. The lower the 
temperature, the slower the mole- 
cules vibrate, and the higher the 
temperature, the faster the molecules 
vibrate. These molecules are strongly 
attached to each other and consider- 
able force is necessary to move them. 


1-12. LIQUIDS 


A liquid is any physical substance 
which will assume the shape of its 
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container but which has the molecules 
strongly attached to each other. One 
could imagine the molecules swim- 
ming amongst its fellow, molecules but 
never leaving them. As the tempera- 
ture rises, the molectles will swim 
faster and vice versa. Fig. 1-3. 


1-13. GASES 


A gas is any physical substance 
which must be contained in sealed 
‚container or it will soon dissipate. 
These molecules have little attraction 


COMPOUND GAGE 
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l-4. The standard pressure scales and the different ways 
of registering atmospheric pressure. 
L A cay mercury barometer is shown at (A). The 
compound gauge (B) is calibrated in inches of mercury 
for pressures below atmospheric, and in pounds per 
square inch gauge for pressures above atmospheric. 
The water column (C) illustrates the water equivalent 
of the mercury barometer. 
2. This illustrates pressures of from 0 pounds per square 
inch to 30 pounds per square inch gauge expressed in 
common units. It may be noticed that all values, read- 
ing horizontally, are equal. The apparent difference in 
readings is due to the scale used. 


for each other and travel inastraight 
line (fly) and will ricochet or rebound 
from any other molecules they con- 
tact. They have no attraction foreach 
other or any other substance, 

Any particular substance can be 
made to exist in any of these three 
forms. 
vibrate, 


Any molecule can be made to 

or swim or fly depending on 
two things: temperature and pressure. 
Before one can understand this change 
of state, he must study temperature 
and pressure. 

Comparative weights of solids and 
liquids may be expressed by either 
density or specific gravity. Density is 
defined as the weight per unit volume. 


Specific gravity is defined as the ratio 
of the weight of a certain volume of 
a substance to the weight of an equal 
volume of water. 

Comparative densities of gases 
are expressed by specific volumes. 
Specific volume is the volume of one 
pound of a gas at standard conditions. 
Standard conditions are considered to 
be 68 F. and 29.92 inches of mercury 
column pressure. See Figures 1-4 & 
1-5. 


1-14. SYMBOLS 


F = Degrees Fahrenheit 
C = Degrees Centigrade 


Fa = Degrees Fahrenheit Absolute 
C, = Degrees Centrigrade Absolute 
p = pounds = lbs. 
psi = pounds per square inch =lbs., 
per sq. in. 


i= inches Sini 
f = foot or feet = ft. 
Si = square inch= sq. in. 
si =square feet or foot = sq. ft. 
pef =pounds per cubic foot =lbs. 
Bericus tt 


Example: What is the specific vol- 
ume of air if 10 cubic feet of it 
weighs .75 pounds? 


is 
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Specific Volume _ Volume incu, ft. = 
Weight in lbs. 
10 = 13.3 cfp 
Ka 
Example: If 1 cubic foot of iron 
weighs 490 pounds what is its specific 
gravity? Density of water - 62.4 pcf. 
Specific gravity of iron = 
490 pounds per cubic foot = 62.4 
62.4 pounds percubic foot 
Examples: What is the density ofa 
liquid if 3000 cubic inches of it weighs 
108.5 pounds ? 
108.5 pounds x 1728 cubic inches per 
cubic foot 
3000 cubic inches 
108.5 x 1728 


3000 
373 Q 100 A ele Q 672 
e A IL BS 
ass || 636 
a| se 
wl 60 140 |f} 600 
ep | 50 (22 |f] s82 
ashe ll se 
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KI 20 B 68 |i] s28 
| 10 50 || 570 
| a 32 |f] 492 
20s | 10 2 474 
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1-5. The four standard temperature scales and their 
relationship. A. Boiling temperature of water at atmos- 
pheric pressure; B. Average room temperature; C. 
Freezing temperature of water at atmospheric pressure; 
D. Cooling unit temperature range; E. Absolute zero 
temperature; F. Average refrigerator box temperature. 


Density of the liquid= 62.4 pounds per 
cubic foot 


1-15. PRESSURE 


As the operation of a refrigerator 
depends mainly on pressure differ- 
ences in the system, a basic under- 
standing of pressure and ofthe laws of 
pressures is very important. 

Pressure is defined as the weight 
per unit area, and it is expressed in 
pounds per square inch and pounds per 
square foot. The normal pressure of 
the air on the body averages about 
14.7 pounds per square inch, or 2117 
pounds per square foot. Note: There 
are 144 square inches in 1 square 
foot; therefore to get the pressure per 
square foot, 14.7 must be multiplied 
by 144, 

Substances always exert a pres- 
sure upon the surfaces supporting 
them. That is, an ice-box (a solid) 
exerts a pressure on its legs because 
if they were removed the box would 
move; a liquid always exerts a pres- 
sure on the sides and bottom of its 
container, such as a bottle; and a gas 
always exerts a pressure on all the 
surfaces of its container, such asa 
balloon. See Figure 1-3, 

If a solid weight of 1 pound were 
made with its bottom surface area 1 
inch square, it would exerta pressure 
of 1 pound per square inch upon a flat 
surface. 

A liquid in a container maintains 
an increasing pressure on the sides as 
the liquid depth increases and a con- 
stant pressure on the bottom of the 
container. Gases, however, do not 
always exert a constant pressure on 
the container because the pressureis 
determined by the temperature and the 
quantity in the container. 


1-16. PRESSURES, GAGE AND 
ABSOLUTE 
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Pressures are expressed in 
pounds per unit of area or in inches 
of static pressure of liquids. The 
most popular pressure indicating in- 
struments register jin pounds per 
Square inch ABOVE the. -atmospheric 
pressure. The pressure of zero 
pounds per square inch gaugeis equal 
to the atmospheric pressure (approx- 
imately 14.7 pounds per square inch; 
15 pounds per square inch is usually 
used for computation purposes). 
Pressures below atmospheric pres- 
Sure are termed vacuums and a 
perfect vacuum may be described as - 
14,7 pounds per square inch gauge or 
0 pounds per square inch absolute. 


ie 


Therefore, the absolute pressure 
scale has its zero at a pressure 
which cannot be further reduced, 


Pressure is also indicated in inches 


_ of mercury or water column and may 


be either above atmospheric pressure 


or absolute pressure depending onthe 


construction of the gauge. Mercuryis 
usually used for measuring pressures 
below atmospheric pressure and 
water for SMALL PRESSURES above. 
(GAS LINES, ETC.) 

The barometer, Figure 1-4, is an 
example of a mercury gauge. Witha 
vacuum in one end of the tube, it is 
found that the atmospheric pressure 
will support a mercury column 29.92 
in. in height at sea level under 
standard conditions. 


1-17. BOYLE’S LAW 


Boyle’s Law expresses a very 
interesting relation between the pres- 
sure and volume of a gas. It is stated 
as follows: 

“The volume of a gas varies 
inversely as the pressure provided 
the temperature remains constant.’’ 

This means if a certain quantity of 
gas has its pressure doubled, the 
volume becomes one-half that of the 
Original. Or, if the volume becomes 


doubled, the gas has its pressure 
reduced by one-half. If a perfect gas 
is considered, Boyle’s Law may be 
expressed as a formula: 
Pressure x Volume =A constant 
number, 


This being true, one can say that when 
either the pressure or the volume is 
changed, the corresponding pressure 
or volume is changed in the opposite 
direction. Therefore, Old Pressure x 
Old Volume =the New Pressure x the 
New Volume. THIS FORMULA WILL 
HOLD TRUE ONLY IF THE PRES- 
SURES ARE EXPRESSED AS ABSO- 
LUTE PRESSURES, Expressed in 
letter form: 

Pox Vo = Pnx Vn 

Example: 

What is the new volume, if 5cubic 
feet of gas at 20 pounds per square 
inch gauge are compressed to 60 
pounds per square inch providing the 
temperature remained constant? 
Consider atmospheric pressure = 15 
pounds per square inch. 

Po x Vo = Pnx Vn 
Poz 20 pounds per sq. in. gauge = 

(20 +15) = 35 pounds persq.in. abs. 
Vn=60 pounds per sq. in. gauge = 

(60 +15)=75 pounds persgq. in. abs. 
35x 5=75 x Vn 


350x9 VN 
75 
30 .8= Vill 
15 
7 z=Vn 
3 


2.33 cubic feet z Vn z New Volume 


1-18. DALTON’S LAW 


Dalton’s Law of partial pressures 
is the foundation of the principle of 
operation of one ofthe absorptiontype 
refrigerators. The law may be stated 
as follows: 

‘‘The total pressure of a mixture 
of gases is the sum of the partial 
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pressures of each of the gases in the 
mixture.” 
The total pressure of the air is the 
sum of the oxygen, the nitrogen, the 
carbon dioxide, and the water vapor 
pressure. 

The law further explains that each 
gas behaves as if it occupies the space 
ALONE. This explains why water will 
evaporate from a floor after a scrub- 
bing. The water vapor pressure is so 
low in the air that the water willturn to 
water vapor (very slowly of course) at 
temperatures of 70 F.downtofreezing. 


1-19. FORCE 


Force is accumulated pressure, Ifa 
piston of 10 sq. in. area has a pressure 
on it of 25 lbs. per sq. in., the force on 
the piston is: 10 x 25 =250 lbs. 


1-20. WORK AND ENERGY 


A complete study of energy relations 
is also necessary to a complete under- 
standing of refrigeration. ENERGY is 
described as ‘‘'THE CAPACITY TO DO 
WORK,’’ where WORK is defined as 
“FORCE MULTIPLIED BY DISTANCE 
THROUGH WHICH IT TRAVELS.’’ The 
unit of work is called the foot-pound, 
One foot-pound is the amount of work 
done in lifting a one pound weight a 
vertical distance of one foot. Work is 
sometimes expressed in inch-pounds, 
In this case, the distance through which 
the force acts is measured in inches. 

Example: Calculate the work done 
in foot-pounds in lifting a weight of 
2000 pounds a vertical distance of 10 
feet. 

Work: Force x Distance 

= 2000 x 10 = 20,000 foot-pounds 
or expressed in inch units 
2000 x 10x12 = 240,000inch-pounds 

Energy is the ability to do work. 
The electric motor supplies the energy 
to drive the refrigerator compressor, 


1-21. POWER 
POWER IS DEFINED AS THE TIME -° 
RATE OF DOING WORK. The common — 
unit of mechanical power is the horse- 
power and is the equivalent of 33,000 
foot-pounds of work per minute. Ifinthe 
above problem the 200-pound weight is 
lifted 10 feet in 2 minutes, the power 
required would be: 


Horsepower _weightxdistance or 
~ time x 33,000 
Horsepower required 200 x 10 


= 2x 33,000 
.3 Horsepower 


1-22. TEMPERATURE 


Temperature is defined as the heat | 
intensity or heat level ofa substance, 
Temperature alone does not give the, 
amount of heat in a substance, but it is 
an indication of the degree of warmth, 
or how hot the body is. 

The molecular theory of heat states 
that temperature is an indication of the 
speed of motion of the molecule, It is 
important not to use the words heat and 
temperature carelessly. Temperature 
measures the speed of motion of one 
molecule, while heat is the speed of, 
motion of the molecule PLUS the num-, 
ber of molecules (weight) so effected i 
Example: A smallcopper dish heated tc 
1340 F. does not contain as much heat 
as 5 pounds of copper heated to 300F | 
but it is warmer. That is, its heat level 
is higher or its intensity of heat is” 
greater, but it does not contain so muck. 
heat. 


1-23. TEMPERATURE SCALES 


The methods and scales used tc 
measure temperatures have been arbit- 
rarily chosen by scientists, and the 
following standards have been estab- 
lished, The common Britishand Ameri- 
can scales are the Fahrenheit scale 
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and the Fahrenheit absolute scale, while 
the metric system embodies the Cent- 
igrade and Centigrade absolute scales. 
The Fahrenheit scale is ‘the one most 
used in the refrigeratiop industry. 

The Fahrenheit scale is sofixed that 
it divides the temperature difference 
from the melting temperature of ice to 
the boiling temperature of water into 
180 equal divisions and sets the melting 
of ice at 32 divisions above the zeroon 
the scale. Therefore, ice meltsat32F. 
and water boils at 212 F. (180 F.+32F.) 
assuming standard atmospheric pres- 
sures, 

The Centigrade scale has coarser 
livisions than the Fahrenheit scale and 
he zero (0) of this scale is set at the 
nelting temperature of ice. The boiling 
boint of water is fixed 100 divisions 
bove that point or at 100 C., assuming 


standard atmospheric pressure. 
j 


1-24. ABSOLUTE TEMPERATURE 
| SCALES 


{ 
i 


| The Fahrenheit absolute (F 4) scale 
is a scale using the same divisions as 
the Fahrenheit scale but setting the zero 
lof the scale at the temperature where 
molecular action of all substances 
ceases; i. e., whereno more heat exists 
in the body and the temperature cannot 
be lowered any farther, This tempera- 
cure corresponds to -460 F., therefore 
water boils at 672 F, assuming (212 + 
160 = 672) standard atmospheric pres- 
sure, Because the Centigrade degree is 
coarser absolute zero is 273 degrees 
below the standard zero setting, there- 
fore, water freezes at 273 Cy, and 
oils at 373 Ca. 
The student may wonder why the 
, melting temperature of ice and the 
boiling temperature of water were taken 
as Standards. This is because water has 
‘a very constant freezing and boiling 
_boint temperature, Figure 1-5, and 
_ Nater is a very common substance. 
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1-25. TEMPERATURE CONVERSION 


It is sometimes necessary to con- 


_ vert a temperature registered in Fahr- 


enheit degrees to Centigrade degrees, 
or conversely. For this purpose for- 
mulas have been developed, based upon 
the fact that Fahrenheit zero is located 
at 32 below the Centigrade zeroandthe 
distance between the freezing-point of 
water and the boiling-point of water is 
180 on the Fahrenheit scale and 100 on 
the Centigrade scale. Toconvert Centi- 
grade degrees into Fahrenheit degrees: 
F =180/100 =9/5 C + 32 


To convert Fahrenheit degrees into 
Centrigrade degrees: 

C =100/180= 5/9 (F - 32) 

To convert Fahrenheit degrees to Fahr- 
enheit absolute: 

Fa =F +460 

To convert Centigrade degrees into 
Centigrade absolute: 

Ca =C +273 


Example: 
Convert 50 F. into Centigrade. 
C., = 5/9 (F - 32) 


C.= 5/9 (50 - 32) 

C.= 5/9 x 18 

C.=5x 18- 90 =10 C 
9 9 

Convert 75 C, into Fahrenheit. 

T. 0/6 Ct 32 

E= 9/5 x 75 +32 

Fo= o> 9x 754 32 
“5 

E =9 x '5 432 

FF, = 13974312 

F. = 167 


Convert -- 5 F. into C, 


C.= 5/9 (F. - 32) 

C.= 5/9 (- 5 — 32) 

C.= 5/937) 

C.=5 x oles -20 5/9 = 
9 cn 

-20 5/9 C. 
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1-26. CHARLES’ LAW 


Gases behave consistently with tem- 
perature changes. This is stated in 
Charles’ Law. ‘'‘At a constant pressure 
the volume of a gas varies directly as 
the absolute temperature; and atacon- 
stant volume, the pressure varies dir- 
ectly as the absolute temperature.” 
Absolute pressures must always be 
used in the equations. In the equation 
form: 

At constant volume 
The Old Pressure xthe New Absolute 
Temperature = The New Pressure x 
the Old Absolute Temperature 
Pox Tn=PnxT 
T= Absolute Temperature 


At constant pressure 
The Old Volume x the New Absolute 
Temperature = The New Volume x 
the Old Absolute Temperature 
Vo x Tn=Vn x To 
Example: What is the pressure ofa 
quantity of confined gas when raised to 
60 F. if its original pressure was 10 
pounds per square inch abs. and tem- 
perature 40 F., Constant Volume? 
Answer: 
10x (60+ 460)= X x (40+ 460) 
10 pounds —500 


X 520 
500 X= 5200 
X =10.4 pounds per square inch 
abs. 


Example: A 5 cubic feet volume of 
gas at 37 F is raisedto90 F at constant 
pressure. What is the new volume? 


Answer: 
5 x (90 +460)= X x (460 +37) 
5_497 
X~ 550 
X=-5 x 550 —5.54 cubic feet 
497 


1-27. GAS LAW 


Boyle’s Law and Charles’ Law may 
be combined to solve true gas problems 


and the formula is as follows: 
Po x Vo_ Pnx Vn 

To = Tn 
Po, Vo, and To represent original con- 
ditions. 
Pn, Vn, and Tn represent new con- 
ditions. 
Absolute values for temperatures and 
pressure must be used inthis equation. 
A more concrete equationis: PV=WRT 
Where P = Pressure in Pounds Per 

Square Foot abs. 

V = Volume in Cubic Feet 

R = Gas Constant 

W = Weight of the Gas in Pounds 

T = Absolute Temperature F. 

This equation is useful for many 

pressure-volume problems and its use 
is easily followed. 


Specific Heat 


CP CV R 

A eee ye pig 53.34 
Ammonia ais. soni ~39 123.24, 
Sulphur dioxide .154 123 24.14 
Carbon dioxide. .22 mal 38.82 
Ether. e cee 48 a 23.10 
Oxygen. oee .22 OG 48 . 29] 
Al cohol... T .40 41.55 
Water vapor.... .480 37 


83.23 


1-6. A table of gas values. 
t 
R-=Gas constant and it must be 
known for the gas under consideration. 
Figure 1-6 lists the value of R for 
several common gases. 


1-28. BRITISH THERMAL UNIT 


British thermal units (Btu): Tem- 
perature is measured in degrees by the 
use of a thermometer. Heatis measur- 
ed in Btu’s. A Btu is defined as the 
amount of heat required to raise the 
temperature of 1 pound of water, ! 
degree Fahrenheit, Figure 1-7. 


1-29. ENERGY CONVERSION UNITS 


In refrigeration work we deal witl | 
three common forms, mechanical 


, 


! 
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electrical, and heat energy. 

The study of refrigeration deals 
Mainly with heat energy, but it must be 
‘understood that the heat energy is 
usually produced by utHizing a com- 
‘yination of electrical and'’mechanical 


anergy. There is a relation that exists 


I 
‘etween these three forms of energy. 
in an electric refrigerating unit, elec- 
i 
*rical energy flows into an electric 


70°F ZIF 


ONE POUND 
OF WATER 


BEFORE AFTER 


H.7. A simple experiment to demonstrate the addition 
lof one British Thermal unit of heat. One pound of water 
| is heated 1° Fahrenheit. 
| otor and this electric energy is 
surned into mechanical energy. This 
mechanical energy is used to turn a 
compressor, and the compressor in 
curn changes the mechanical energy into 
neat energy as it compresses the gas to 
i high temperature (adds heat). This 
relationship may be expressed as fol- 
ows: 

778 foot-pounds =1 British Thermal 

Unit (Btu) 

1H, P, = 2545.6 Btu/hr. 

1 H. P. =746 Watts 

l1 Btu/hr. = .000393 H.P. 

1 Btu/hr. =.293 Watts 

1 watt = .00134 H.P. 

1 watt = 3.41 Btu/hr. 


| 


1-30. SENSIBLE HEAT 


If a substance is heated (heat added) 
ind the temperature rises as the heat 
.S added,the increase in heat is called 
sensible heat. Likewise heat may be 


| 


removed from a substance (heat sub- 
tracted) and if the temperature falls the 
heat removed is again sensible heat. 
Therefore, we call that heat which 
causes a change in temperature in a 
substance sensible heat, 


1-31. SPECIFIC HEAT 


The sensible heat required to cause 
a temperature change in substances 
varies with the kind of substance and 
the amount of the substance. The speci- 
fic heat of water is 1.0, Different sub- 
stances require different amounts of 
heat per unit quantity to effect these 
changes of temperature. This property 
is called the specific heat of the sub- 
stance and is the amount of heat re- 
quired to raise 1 pound of the substance 
1 F. This value is good for computa- 
tions which involve no changes of state 
because if this should occur, the speci- 
fic heat of the substance changes also, 
To determine the amount of heat neces- 


Material 
SPECE Heat 
(5 W W/o) 
Wood S a a ete eine eens Do 
Water ee ne nena oe e 66 oo US ale 
lala ee were a ee ict, Setrece cc 2204 
Iron Sheers eee emer eee .129 
Mercury ee e e a A. 0333 
Aleohol See ila eee .615 
Copper me e a ee .095 
Sulphur. o e a enon eaters SETAT 
Glass os oee e E ee ree 37 
Crap hite rene EO Ge .200 
Brick ure Re eoarre eee ePe er cheCke .200 
Glycerine ae ae er 276 
Liquid ammonia at 40 F.... Lod 
Carbon dioxide at 40 F.... .6 
Methyl chloride...40 F.... oo 
Sulphur dioxide at 40 F... 292 


1-8. Some specific heat values. 


sary to cause a change of temperature 
in a substance multiply the weight of 
the substance by the specific heat and 
by the temperature change provided 
there is no change of state, Figure 1-8. 
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Specific heat problems are easily 
solved by the use of the following 
formula: 

Heat = British Thermal Units = sp. ht. x 
wt. x temp. change in degrees F. 


Btu = sp. ht. x wt. x temp. change 
Btu = sp. ht. x wt. x (ty - tə) 

Btu = British Thermal units 

sp. ht.= Specific heat 


ti = higher temperature 
tə =lower temperature 
Example: How much heat is needed 

to raise the temperature of 100 pounds 
of iron from 70 F. to 270 F.? 

Btu =.129 x 100 x (270 - 70) 

Btu —.129 x 100 x 200 

Btu= .129 x 20,000 

Btu= 2,580.1 


WW /20 


R 


TEMPERAT U 


0 ioo BERENE NIE NE at DEAE EOE 


1-9. A graph of the three states of water and the heat 

required to effect the change at atmospheric pressure 

for one pound of water. From —40 F. to A, 36 B.T.U. 

were added to the one pound of ice, raising its tempera- 
ture to 32° F. 

From A to B, 144 B.T.U. were added to melt the ice. 
Note that the temperature did not change. 
From B to C, 180 B.T.U. were added and the tempera- 
ture of the water was changed to 212° F. 
From C to D, 970 B.T.U. were required to change the 
water to steam at 212° F. 


1-32. LATENT HEAT 


A physical phenomenon of all pure 
substances is their ability to change 
their state, such as solid to liquid and 
liquid to gaseous, These changes of 
state occur at the same temperature 
and pressure combinations for any one 
substance. It takes addition of heat or 
the removal of heat to produce these 
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phenomena, We call heat which brings 
about a CHANGE OF STATE, LATENT | 


(hidden) HEAT. 

There are two latent heats for each 
substance, solid to liquid heat (melting 
and freezing) and liquid to gaseous 
(vaporizing and condensing), Figure 


1-9, These are called the latent heat of © 


melting and the latent heat of vaporiza- 
tion respectively, if the substance is 
being heated. These are called latent 
heat of fusion and the latent heat of 
condensation if the substance is being 
cooled (heat energy subtracted). 

The explanation for the change of 
state is that as the molecule moves 
under a certain pressure it will in- 
crease to a certain speed and then if 
heat is added the molecule undergoes a 
peculiar change. This change is a 
change that takes place within the 


molecule, It is believed that there is a : 
shift of the atoms within the molecule, | 


It is estimated that one or more of the 
atoms change their position from the 
outer face of the molecule to theinside 
or just the reverse. There are other 
theories, allofthem based on molecular 
motion and magnetic attraction. The 
heat energy needed to make this change 


is tremendous. It takes as much heat | 


to change one pound of ice to one pound 


of water as it does to raise that same’ 


one pound from 32 F. to 176 F. 


The difference between sensible - 


heat and latent heat should be kept very 
clearly in mind because all of the 
following explanations of the refrigera- 
tion cycle are based upon these two 
heats, SENSIBLE and LATENT. 


1-33. APPLICATION OF LATENT 
HEAT 


In refrigeration work, the physics 
of latent heat is of special importance 
because it is this heat which gives us 


our cold or freezing temperatures. 
When ice melts its temperature re- 


x 
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mains constant; nevertheless it absorbs 
a considerable amount of heat changing 
from ice to water. When a substance 
passes from a liquid to a gas as ina 
mechanical refrigerator, its heat ab- 
sorption is very highyand advantage is 
taken of this fact in the*operation of the 
refrigerator. 

The temperature at which a sub- 
stance changes its state depends onthe 
pressure, The higher the pressure the 


1-34. REVIEW PROBLEMS ON HEAT 
1. Convert 78 F. to C. Ans. 25.6C. 
2. Convert 20 C. to F. 68 F. 
3. Convert 5 F. to C. 15C. 
4. Convert 432 F. to C. 222C. 
5. Convert 14 FatoCa. 10C 4 
6. What is the equivalent of 20 


kilowatts in 


(a.) British Thermal units? 
68,297.59 Btu/hr 


Latent Heat of Water and Common Refrigerants in B.T.U./lb. 


Material 


Sulphur dioxide 
Methyl chloride 
Freon (F-12) 
Freon 22 


Freezing 
or Melting 


Er r E r r r r 


eesse sooosooooooooooasoly’ 


eses os esoo ooooosoyl o 


Carrene (methylene chloride) ... 


Condensing or 
Vaporizing 


me 970.4 (at 212 F.) 
565.0 (at 5 F.) 
169.38 (at 5 F.) 
176.5 (at 


l-10. Some latent heat values. 


higher temperature needed to make the 
change of state take place. Also if the 
pressure can be lowered, the tem- 
perature at which the change of state 
will take place will also be lowered, 
For example water will turn to steam 
at 212 F. at 14.7 psia, at 300 F. at 
67 psia, 400 F. at 247 psia, 100 F. 
at .95 psia, 70 F. at .36 psia, 40 F. at 
.12 psia. 

If a low pressure is produced over 
a liquid it will boil at a lower tem- 
perature and if a gas resulting from 
this boiling is compressed it will con- 
dense to a liquid at a higher tem- 
perature. 

Every substance has a different 
latent heat value to bring about a 
change of state for both liquid-solid 
and liquid-gaseous states. Latent heats 
for water and the more common re- 
frigerants are shown in Figure 1-10. 
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10. 


(b.) Food-pounds ? 
884,730 foot p/min 


. What is the new volume of 50 


cubic feet of gas if the pressure 
changes from 35 pounds per 
square inch gauge to 85 pounds 
per square inch gauge? 24cu. ft. 


. How many British Thermal units 


must be extracted to cool 10 
pounds of iron from 70 F. to 10 
F.? 77.4 Btu 


. How many British Thermal units 


must be removed from a cooling 
unit to cool it from85F.tol15 F., 
if it contains 10 pounds of copper 
and 20 pounds of glycerine? 
872.9 Btu 

Calculate the number of British 


Thermal units required to con- 
vert 1 pound of ice at 0 F. to 
steam at 212 F. Ans, 1310.52 Btu 
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1-35. REFRIGERATION EFFECT OF 
ICE 


Ice has played an important part in 
the refrigeration industry. A few im- 
portant facts concerning it follow: 

As stated before, ice changes to 
water at 32 F.atatmospheric pressure, 
and the water changes to steam at 
212 F. 

The heat absorption ability of ice 
when changing from a temperature 
below 32 F. to 32 F. is .504 British 
Thermal units per pound per degree 
change in temperature. Changing ice to 
water at 32 F. the heat absorption is 
144 British Thermal units for 1 pound 
of ice changing to 1 pound of water. 
That is, 

The specific heat ofice =.504 Btu per 

pound 

The latent heat of fusion of ice = 144 
Btu per pound 

The specific heat of water=1 Btu 
per pound 

The latent heat of vaporization of 
water = 970.4 Btu per pound 

Example: How many Btu will 25 
pounds of ice at 5 F. absorbinchanging 
to liquid at 40 F.? 


From ice at 5 F. to ice at 32 F. 
.904 x 25 x (32 - 5) 
.004 x 25x27 = 340.2 British Thermal 
units 
From ice to water at 32 F. 
144 x 25 =3600 British Thermal units 
From water at 32 F., to water at 40 F. 
1 x 25 x (40 - 32) 
1 x 25 x 8 =200 British Thermal units 
340.2 
3600 
200 
Total 4140.2 British Thermal units 


1-36. THE “TON” OF 
REFRIGERATION EFFECT 


This refrigeration unit is the re- 
frigeration effect obtained from melting 


1 ton (2000 lbs) of ice over a period of 
24 hrs. This engineering standard for 
refrigeration effect applies to all re- 
frigerating machines. That is, all the 
refrigeration mechanisms are com- 
pared to the standard 288,000 British 
Thermal units per twenty-four hours. 
(144 x 2000 = 288,000) 


1-37. ICE AND SALT MIXTURES 
Refrigerating by ice will not give 
continuous refrigeration temperatures 
below 40 F; therefore to obtain lower | 
temperatures required in some in- 
stances, ice and salt mixtures are used, © 
These mixtures, ice and salt (NaCl) and | 
ice and calcium chloride (caCl) lower | 


2. F 
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l-11. The vapor pressure curve for water. The pressures ; 
and temperatures- required to permit a change from 
water to steam or vice versa. 


the melting temperature ofice. Thatis, 
an ice and salt mixture may be made 
which will melt at 0 F. The reason for 
lowering the temperature below normal — 
with an ice and salt mixture is because 
the salt causes the ice to melt faster 
and this forced absorption of heat 
causes the lower temperature which 
results from the mixture. See the 
technical characteristics chapter for 
table of ice and salt mixtures, and 
corresponding temperatures. 
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1-38. EFFECT OF PRESSURE ON 
EVAPORATING 
TEMPERATURES 


The boiling temperature. for any 
‘liquid depends upon the pressure under 
which the liquid is placedi-Water nor- 
mally boils at 212 F., but if the pres- 
sure on the surface of the water is 
increased to 100 pounds per square 
inch gauge, the boiling-point will be 
raised to 338 F. If instead of increasing 
the pressure it is decreased to an 
‘absolute pressure of 3 pounds per 
‘square inch, the water will boil at 


142 F. Figure 1-11. 

It is the effect of reduced pressure 
on the boiling temperature of certain 
liquids that makes the operation of the 
domestic refrigerator possible. As an 

| illustration of this, sulphur dioxide 
boils at 14 F. under atmospheric pres- 
sure while at 8 inches of vacuum the 
boiling temperature is 5 F. See Figure 
8-17 for a graph of the temperature 
characteristics of sulphur dioxide. 


1-39. HEAT TRANSFER 


The movement of heat may be by any 
one of three methods, or by a com- 
nation of any two or of all three of 
these methods, These heat transfer 
methods are named conduction, con- 
rection, and radiation. 


-40. CONDUCTION 


| Conduction is the flow of heat from 
_ pne part of a substance to another part 
of the same substance, or from one 
_ substance toanother substance indirect 
. ¿ontact with it. A piece of iron with one 
end placed in a fire will soon become 
¡yarm from end to end. This is an 
_:xample of the transfer of heat by con- 
luction, The heat travels through the 
ron using the iron as the conduction 
nedium. The substances which have a 
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very small conduction value are called 
insulators. 


1-41. CONVECTION 


Convection is the conveying of heat 
from one point to another by the move- 
ment of some easily circulated medium 
such as air. A common example of this 
is the movement of heat-laden air 
from a furnace into the rooms of a 
house where it releases its heat and 
then returns through the cold air duct 
to receive another supply of heat from 
the furnace, 


1-42. RADIATION 


Radiation is the transfer of heat by 
heat rays. Examples ofthis are the heat 
from the sun and the heat felt neara 
flame. It should be understood that heat 
rays do not heat the air through which 
they pass. They heat only the surfaces 
which they strike. 


1-43. CONTROL OF HEAT FLOW 


The flow of heat by each of these 
methods can be controlled. That is, the 
transfer of heat by each of these 
methods can be aided or impeded 
according to the particular need. Con- 
duction may be aided by providing 
large conducting surfaces and good con- 
ducting materials. Cork, wood, mineral 
wool, and many other similar materials 
are poor conductors of heat. Poor con- 
ductors of heat are often referred toas 
heat insulators. 

Convection may be aided by speeding 
the flow of the conveying medium; for 
example, forced-air circulation heating 
systems. Conversely, it canbe impeded 
by retarding the flow of circulation. 

Radiation, or rather the transfer of 
heat by radiation, may be aided by 
making the radiating surfaces of a 
material or of a color known to be a 


MODERN REFRIGERATION, AIR 
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LIQUID LEVEL B a 


l-12. The cooling effect of different pressures operating on the surface of a liquid. 


good radiator of heat and, by making 
the receiving surfaces of a material 
or color known to be a good absorber 
(or poor reflector) of radiated heat. 
Conversely, it may be impeded by 
reversing this application. Dark mater- 
ials or colors absorb and radiate 
readily. Light-colored or shiny mater- 
ials have the opposite properties. 


1-44. THE ELEMENTARY 
REFRIGERATOR 


A detailed study of the behavior ofa 
liquid in a container is necessary to 
understand the operation of a refriger- 
ating unit. 

In Figure 1-12, part A shows a 
refrigerant in a container with the 
valve closed. 

All conditions are balanced. The 
pressure, the temperature (inside and 
out), and the number of molecules 
leaving the gaseous state diving into the 
liquid and the liquid molecules flying 
out of the liquid into the gaseous state. 
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In part B, the valve has been opened l 
and some of the gas molecules escape. ~ 
The results are twofold. The number of — 
gas molecules entering the liquid are 
now decreased and because the number 
leaving the liquid is the same as before, 
the molecular speed of the liquid mole- 


cules slows up as they find it easier to | 


1-13. An elementary refrigerator using ammonia (not 
practicable}, A. The refrigerator box; B. The ammonia 
tank in which the ammonia is stored under a high pres- 
sure; C. The cooling unit where the ammonia is changed 
from a liquid to a gas at atmospheric pressure and 
absorbs a considerable amount of heat. 
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FLOW 


P. The theoretical explanation of vapor pressure in a sealed container. A. Valve closed; B. Valve open; 
C. Valve closed. 


shange to a gas. Slower movement 
means a lower temperature and the 
iquid temperature lowers below 70 F. 
[he temperature decrease causes heat 
o flow from the container and the 
surroundings to the liquid. 

As long as the valve is open and gas 
molecules can escape the temperature 
vill be lower because more liquid 
molecules are becoming gas molecules 
han gas molecules are returning into 

; he liquid, Part C. This gas bombard- 
nent is called vapor pressure. If this 
rapor pressure can be reduced the 
emperature of the liquid canbe reduc- 
sd, 

If the gas molecules can be re- 
moved fast enough by any means such 
as a compressor, a chemical toabsorb 
he molecules, etc., a vapor pressure 
iow enough is produced to create re- 
‘rigerant boiling temperatures that are 
it the refrigerating level. 
| The operation of the electric re- 
‘rigerator is based on the heat absorp- 
rion property of a fluid passing from 
the liquid to the gaseous state. Thatis, 
£ one were to put a container of fluid 


that had a low boiling temperature into 
an ice-box and vent the gas to the out- 
side, we would have a heat absorber in 
the box, Figure 1-13. The liquid can 
boil only at its evaporation tempera- 
ture, say 20 F., and this liquid will be 
at this temperature until it has com- 
pletely evaporated. If one tried to raise 
its temperature by adding heat, the only 
result would be a more rapid evapora- 
tion of the liquid into a gas, provided 
the pressure remained constant. Being 
at this low temperature there is, of 
course, a transfer of heat toit fromthe 
surrounding objects. This heat helps the 
evaporating and the heat carried away 
in the vapor passing off. Thus, the 
fluid changing its state to gas gets the 
energy (or heat) for doing this from the 
objects surrounding it and that heat is 
removed with the vapor to the outside 
of the box. 

Figure 1-14 illustrates maintaining 
a balance between liquid and vapor with 
changing pressure. (A) shows a State 
of equilibrium between the liquid and 
the vapor. In (B) the valve has been 
opened and the pressure partially re- 
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leased. Vapor escapes and attempting 
to maintain the vapor pressure more 
liquid vaporizes and the temperature 
drops. In (C) the valve is closed and 
a state of balance will not be reached 
until the temperature returns to nor- 
mal, 

This type of refrigerator works very 
nicely, but it is a very expensive 
method because the refrigerant fluidis 
lost. However, in the mechanical re- 
frigerator this escaping vapor is cap- 
tured, compressed, and cooled to a 
liquid state again so that it can beused 
over and over, Figure 1-15. 

The above gas needs to be com- 
pressed again before it will return to the 
liquid form, In order to recondense the 
vaporized refrigerant, the vapor must 
be compressed to a pressure, corres- 
ponding to a boiling-point that is higher 
than the maximum roomtemperature in 
which the refrigerator is to operate in 
order that the latent heat of vaporiza- 
tion may be radiated to the room. The 
temperature at which a refrigerator 
cooling unit is kept depends upon the 
pressure at which the refrigerant is 
evaporated, while the amount of heat 
removed depends only upon the amount 
of refrigerant changed into a gas. 


1-45. DRY ICE 


Solid carbon dioxide is often used 
for refrigeration, It is a whitecrystal- 
liné substance formed by allowing liq- 
uid carbon dioxide toescapeintoa snow 
chamber. The heat for vaporizing the 
liquid is drawn from the interior ofthe 
chamber so that a very low tempera- 
ture,—109 F. is formed, withthe result 
that quantities of the carbon dioxide 
solidify. This solid is pressed into 
various shapes and sizes and sold for 
refrigeration purposes under such 
names as dry ice, zero ice, etc. It 
remains at a temperature of — 109 F. 
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and sublimes, that is, it goes directly’ 
from the solid to the vapor state with- 
out becoming a liquid. It has some very 
desirable characteristics in that it does‘ 
not wet the surfaces that it touches, and 
the gas given off is a preservative. The: 
very low temperature maintained per-’ 
mits handling frozen goods without an 
expensive insulated container. It is used 
a great deal by ice cream vendors and 
the like, 

The latent heat of sublimation is 
248 Btu per pound. 

The heat absorbed by the vapor in 
passing from —109 F. to 32 F. is 
approximately 27 Btu per pound. This 


t 

1-15. An elementary mechanical refrigerator. A. The 
refrigerator box; B. The storage tank for the liquid | 
ammonia; C. The cooling unit where the ammonia vapor. ! 
izes and absorbs considerable heat; D. The compresso’: 
which takes the vaporized ammonia from the cooling 
unit and compresses it to a high pressure and re- 
leases it to the condenser; E. The condenser where the 
compressed ammonia is cooled and the latent hea: 
removed allowing it to condense and pass to the stor- 
age tank as a liquid. 


added to the latent heat of sublimation 
makes a total heat-absorbing capacity 
of 275 Btu per pound. This is a greater 
heat-absorbing value than for water ice. 
Dry ice is generally more expensive 
per pound than water ice. 


1-46. CRITICAL TEMPERATURE 


The critical temperature of a sub- 
stance is the maximum temperature at 
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which the substance may be liquefied, 
| regardless of the pressure applied upon 
jit. Refer to the table, Figure 8-1, for 
ithe list of critical temperatures for 
;refrigerants. The condensing tempera- 
ture for all refrigerants;must be kept 
below the critical temperature for the 
‘refrigerant used; otherwise the re- 
\frigerator would not operate. Carbon 
)dioxide has the critical temperature of 
187.8 F. This refrigerant cannot be used 
in air-cooled condensers because the 
condensing temperature would be above 
jthis temperature. 

It is well to keep in mind during the 
ensuing chapters that the average cor- 
rect refrigerating temperature for 
| domestic refrigerators is between 35F. 
,and 45 F. and to make ice, a tempera- 
ture lower than 32 F. is needed. 


(1-47. AMBIENT TEMPERATURE 


The term ambient temperature is 
l used to denote the temperature of the 
air surrounding a motor, a control 
mechanism, or other device. As an 
example a motor may be guaranteed 
to deliver its full horse power under 
| operating conditions when the ambient 
| temperature does not exceed 40 C. This 
means that the temperature of the air 
surrounding the motor must not exceed 
|40 C. if the motor is to maintain its 
operating efficiency. 


| 


1-48. REVIEW PROBLEMS AND 
QUESTIONS 


The answers to these problems and 
(questions will be found in Paragraph 
1-49, page 721. 

l. What is the absolute pressure 
equivalent in pounds per square 
inch of 8 inches of mercury 
vacuum? 

2. What is the gas space in the 
cylinder of acompressorifithas 
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lil, 
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13. 


14. 


a 2-inch bore and a 3-inch 
stroke? 

If 100 cubic inches of a gas at 15 
pounds per square inch gauge 
were compressed to 20 cubic 
inches, what is the gauge pres- 
sure if the temperature remains 


constant? 


. If 100 cubic inches of gas under 


constant pressure were changed 
from 40 F. to 290 F., what is the 
new volume? 


. How many Btu’s will be required 


to change 5 pounds of ice at 32 
F. into water at 82 F.? 


. How many pounds of sulphur 


dioxide must be evaporated 5 F. 
to change 50 pounds of water 
from 72 F. to ice at 5 F. if the 
container for the water is made 
of copper and weighs 3 pounds? 


. If 2 cubic feet of gas at90F. and 


under a pressure of 15 pounds 
per square inch gauge is chang- 
ed to 4 cubic feet at 40 F., what 
is the new gauge pressure? 


What is the pressure difference 
between 6 inches of mercury 
vacuum and 8 pounds per square 
inch gauge? 

If a 15-pound weight is placed on 
an area 2 by 3 inches, whatis the 
pressure in pounds per square 
inch absolute? 


If the head pressure is 85 pounds 
per square inch gauge, what is the 
total force on one face of a cir- 
cular disk 5 inches indiameter? 
What is the average temperature 
desired in adomestic cabinet? 
What determines the tempera- 
ture at which a refrigerant will 
vaporize? 

Express standard atmospheric 
pressure in pounds per square 
foot. 

Should refrigerants be operated 
at temperatures -above or below 
their critical temperature? 
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15. What is dry ice? 

16. Should dry ice ever be putina 
sealed container? Why? 

17, What is the relative heat absorb- 
ing value of 1 pound of dry ice 
as compared to 1 pound of water 
ice? 

18, Does color affect the amount of 
heat absorbed by a surface by 
radiation? How? 

19, Name a condition which illus- 


trates the principle of convection, 


20. Which material conducts heat 
the fastest, glass or copper? 


1-49. ENTHALPY 


Enthalpy is the total amount of heat 
in one pound of a substance calculated 
from an accepted temperature base. 
The temperature of 32°F is the accepted 
base for water and water vapor calcu- 
lations. For refrigerator calculations, 
the accepted base is -40°F. 
Example #1 -- refer to Fig. 1-9, 
page 22 

What is the enthalpy of water at 
point B? 

Answer: O Btubecause itis at 32°F. 


Example #2 

What is the enthalpy of water at 
Point C? 

Answer: 180 Btu, which is the dif- 
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ference between the Btu at point 
B which is 180 and point C which 
is 360 Btu. 


1-50. ENTROPY 


Entropy is the heat available meas- 
ured in Btu per pound degree change 
for a substance. 

Entropy calculations are made from 
generally accepted temperature bases. 
For heating and steam power using 
water as the medium, the accepted base 
is 32°F. For domestic and most com- 
mercial refrigeration calculations the 
base is -409%. For research and very 
low temperature work, abase ofalower 
temperature may be selected. 

Entropy is used only in engineering 
calculations, and entropy tables have 
been worked out and are contained in 
most engineering handbooks. 

1-51. CRYOGENICS 

The term cryogenics as used inre- 
frigeration work, refers to very (ultra) 
low temperature conditions. 

It may refer to mechanism for pro- 
ducing temperatures approaching abso- 
lute 0. It may refer to storage devices 
for liquefied gases, also to insulation 
for very low temperature containers or 
cabinets. 
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Chapter 2 


REFRIGERATION MATERIALS 
SERVICE TOOLS 


The refrigeration serviceman’s job 
consists mainly of performing rather 
basic mechanical operations using com- 
‘mon materials and tools. However, the 
success of the serviceman will depend 
greatly upon his knowledge of the per- 
fection and qualities of the materials 
used and his skill in performing tool 
operations accurately. 

The content of this chapter is plan- 
ned to give the necessary knowledge 
concerning both materials and thecor- 
rect way to perform refrigeration ser- 
vice tool operations. 

2-1. TUBING 

The tubing used in all domestic re- 
frigeration work, with the exception of 
some absorption machines, is specially 
annealed copper tubing. The purpose of 
the annealing is to make the copper 
flexible and to adapt the tubing for flar- 
ng and bending. The tubing is also 
‘dehydrated’’ to free it of moisture. 
This drying is done by the manufactur- 
2r; the tubing is then sealed at the ends 
dy pinching and soldering. Thetubingis 
also deoxidized, that is, the copper is 
orevented from oxidizing as it is being 
made, 

_ The tubing may be obtained in sizes 
rom 3/16 in. to 3/4 in. in outside 
jiameter and in 50 and 100 foot lengths 
ilthough some companies furnish it in 
is low as 25 foot lengths. When order- 


j 
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ing tubing, be sure that dehydrated, 
annealed and seamless tubing is spe- 
cified. 

The standard wall thickness for soft 
copper tubing is .035 inches although 
some of the smaller sizes are also 


Deoxidized and Dehydrated 


OD Wall Pds. per 
Thickness foot 
1/8 "OBO 0AF 
3/16 .030 0575 
1/4 .030 084 
5/16 02 .109 
3/8 .032 To 
1/2 032 182 
5/8 035 Foai 
3/4 .035 .305 


2-1. A table showing soft copper tubing sizes O.D.; 


also thickness and weight. 


available in a .030 inch and .032 inch 
wall thickness. See Figure 2-1. 
Copper tubing may be work harden- 
ed, which means that the tubing will 
harden if it is bent or hammered. This 
hardening action may be caused by 
handling of the tubing and may produce 
hard spots which may cause cracks 
when the tubing is flared. Excessive 
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bending of the tubing may cause it to 
suddenly buckle or flatten. Work hard- 
ened tubing may be softened by heating 
it to a blue surface color and allowing 
it to cool. This heat treatment is called 
annealing. 


HARD COPPER TUBE SPECIFICATIONS, TYPE-L 
(for interior service only) 


Nominal Size Actual OD Wall Thickness 


1/4 3/8 030 
3/8 1/3 .035 
1/2 5/8 .040 
5/8 By 042 
374, 7/8 (Ons 
l 1 1/8 O20 
L 1/4 1 3/8 2055 
L 3/2 L 5/8 .060 
2 2 1/8 O70 
2 1/2 2 5/8 .080 
2 3 1/8 .090 
3 1/2 20575 .100 
4 4 1/8 ALO 


2-2. A table showing hard copper tubing type L sizes 
O.D.; also wall thickness. 


Hard drawn copper tubing, which 
comes in straight lengths rather than 
in rolls, is used in many commercial 
and air conditioning installations par- 
ticularly in installations requiring 
sizes over 1/2 inch. Fittings used with 
this tubing or pipe are of the stream- 
line type and are hard soldered. The 
wall thickness of the pipe varies with 
the diameter. See Figures 2-2 and 2-3 
for a table of tubing size and wall 
thickness. Hard drawn pipe is either 
capped or plugged when purchased, to 
keep it clean and dry. 


2-2. TUBING FITTINGS 


There have been many different fit- 
ting designs on the market, but the ac- 
cepted standard for refrigeration fit- 
tings is a forged fitting using either 
pipe thread or Society of Automotive 
Engineers (S. A. E.) National Fine 
Thread. See Figure 2-4. The fittings 
are usually drop forged brass and are 
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accurately machined to form the NF 
threads, the NP threads, the hexagonal 
shapes for wrench purchase and the 
45 degree flare for fitting against the 
tubing flare. These threaded fittings 
must be carefully handled to prevent 
injury to the threads or the 45 degree 
flare. These fittings slowly discolor in 
use. They can be brightened by buffing 
or dipping in a 10% solution of hydro- 
chloric acid, Use goggles when using the- 
acid solution. | 
All fittings sizes are based on the | 
tubing size to which the fittings are | 
attached. A 1/4 in. flare unit which | 
fastens 1/4 tubing to a flared fitting 


HARD COPPER TUBE SPECIFICATIONS, TYPE-K 
(heavier wall for exterior and interior 
service) 


Nominal Size Actual OD Wall Thickness 


1/4. 3/8 025 
3/8 1/2 .049 
1/2 5/8 .049 i 
ME 3/4, 049 . 
3/4 7/8 065 
al 11/8 .065 
L 1/4 1 3/8 s06 
L 1/2 L 5/8 072 
2 21/8 .083 
2 1/2 2 5/8 .095 ( 
3 3 I .109 l 
3 1/2 3 5/8 alee 
2 4 1/3 TBA 


2-3. A table showing hard copper tubing, type K, 
sizes O.D.; also wall thickness. 


has 7/16 NF threads and a 3/4 open- 
ing wrench is used to turnit, Wherever | 
annealed copper tubing is attached to a 
fitting, the flared type of sealis usually 
used. This practice is conventional ; 
throughout the industry in the smaller 
units. A later trend is a soldered con- 
nection between the fitting and tubing, 
Figure 2-5, The correct method of in- 
stalling tubing is to install it in sucha 
way that thére is no extra strain onthe 
tubing when installed. Horizontal loops’ 
are used to keep vibration from cry- 
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REFRIGERATION FITTINGS (FLARED TYPE) 


` Sizes are based on the Outside Diameter of Tubing 


A 


A and Description a e e nAn 5/16" 3/8" 7/16" 1/2" 5/3" 
f e 

ee x X K X X X 
tion (Threads same size).. X X x X X X 
Hilf Union (1/8" Pipe)....... X X 

Eaa on (1/4" Pipe)....... X X X X 

Pir Union (3/8" Pipe)....... X 
Bmeinion (1/2" Pipe)....... X 
Oro aan a ETET acces aces X x Z X a 
Bon (One 1/8" Pipe)........ X X 

Bey (One 1/4" Pipe)........ X X X X 

Fbow (One 3/8" Pipe)........ x 

mmm ie 1/2" Pipe)........ X 
Je (Threads same size)...... X x X X X X 
Mem One 1/8" Pipe).......... X X 

EE one 1/4" Pipe).......... X X 

EE One 3/8" Pipe).......... X 

EE one 1/2" Pipe).......... X 
ree x xX X X x X 
Jared Tube Sealing Plug..... X X X x x X 
kared Tube Sealing Cap...... X X X X X 
lared Tube Copper Seal Cap... X X X xX X X 
Berm RedUGING ).. 0... csc eee as 5/16-1/4 3/8-1/4 1/2-1/4 1/2-3/8 

P (Reducing).............. 5/16-1/4 3/8-1/4 1/2-1/4 1/2-3/8 5/8-1/2 
Bem(Reducing).......-...eeeee SAOI 3/81/21 /221/2 1 /2=4/ see oe 


2-4. Popular refrigeration fittings using standard pipe and National Fine (NF) threads. 


tallizing the copper which makes it 
leak. Some tubing fittings have pipe 
«reads on one end, Pipe threads taper 
'16 in. to one inch. 


oe 
+3. CUTTING TUBING 


To cut the tubing a hack saw ora A 
lde cutter may be used. The tube cut- 
ir is used for the annealed copper tub- 
ig while the hack saw is used for the 
hrd copper tubings, Figure 2-6. After 
{e tubing has been cut, its ends must 
b scraped or reamed with a pointed 
fol to remove any sharp burrs in the 
üd of the tubing. Some tube cutters 
hve such a tool built into them. If a 
ñw is to be used, a wave set blade of 
2 teeth per inch is preferable. It is 
iaportant that no filings orchipsofany 2-5. The two standard methods of joining tubing to 
MEME AllGWSd to enter the tabing. In fittings. A. Threaded and flanged; B. Soldered. 
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cutting tubing with a hack saw, hold the 
tubing in such a manner that chips will 
not fall into the section that is to be 
immediately used, Figure 2-7. 

If soft tubing is used, pinching the 
tube eliminates the danger of chips en- 
tering the tubing that is not to be im- 
mediately used. It also seals the tubing 
against moisture and protects it for 
further use. If hard copper tubing is 


2-6. A tube cutter. The cutter is removing a defective 
flare. 


(Imperial Brass Mfg. Co.) 


being used, the tubing ends should be 
capped or plugged. 

To provide a full wall thickness at 
the end of the tubing, many service men 
file the end of the tubing with a smooth 
or medium cut mill file. Figure 2-8. The 
tubing should then be straightened to 
eliminate an off-center flare. 

The construction of the flareisalso 
of importance. It is necessary to use 
the proper tools. These tools must be 
in good condition to get leak proof 
flares. Figure 2-9 shows a tool that 
forms the flare by a Spinning action 
while Figure 2-10 shows a 45 degree 
flare block. 

To produce a flare of the correct 
size in the recessed tools the tubing 
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2-7. A sawing fixture used to insure square true ends 
when sawing tubing. 
(Imperial Brass Mfg. Co.) 


2-8. How to remove a tube cutter burr from tubing, 

A. After cutting the tubing with a tube cutter. B. After 

the tubing was filed with a smooth cut mill file. Note 

the thinned metal burr after cutting. Note the full wall 

thickness after filing. A small burr must still be reamed 
away. 


must be inserted into the flaring tool 
so it extends above the surface of the 
tool one-third of that distance, which 
is equal to the depth of the flare, Figure 
2-11. The spinner may then be tighten- 
ed down on the tubing end. The tubing 
should be worked gradually intoa flare, 
that is, an oscillating motion should be 
used, First put a drop or two of 
REFRIGERANT OIL on the spinner 
where it contacts the tubing; then tighten 
the spinner one-half or three-quarters 
of a turn and back it approximately 


one-quarter of a turn. Advance it 
another three-quarters of a turn and 
again back it one-quarter of a turn. 
In this way a tubing flare of accurate 
contour is made with no danger of the 
tubing cracking. á 


wy 


2-9. A tube flaring tool. The tubing is spun into the 
correct size flare by the burnished coves on the 90° 
cone. 


(Imperial Brass Mfg. Co.) 


$ 


If the serviceman prefers, he may, 
when making the flare, spin the flare 
not quite to its full contour but only 
shape it to about seven-eighths of its 
full position so that when the tubing is 

| tightened into its fitting the flare will 


| 


2-10. A split flare block flaring tool. Note the 45° 
chamfer in the anvil. 


(Duro Metal Products Co.) 
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assume the shape of the fitting. Under 
no circumstances tighten up the spin- 
ning tool too much because this will 
thin the wall of the tubing at the flare 
and weaken it considerably. See Figure 
2-12, 

It is needless to say that when mak- 
ing a flare, the first step is to put the 
nut on the tube before the flare is 
made because it cannot be installed on 
the tubing after the tube has been 
flared. 


2-4. SINGLE THICKNESS FLARE 


The punch and block method ofa sin- 
gle flare tubing has long been used in 
refrigeration work. This flare is called 
the single flare and is by far the most 


2-11. Recommended allowances for forming a flare 


using the usual “die block" type of tool. 


popular, but certain companies specify 
what they call a double flare which 
means that the part of the tubing which 
forms the flare is folded to form a 
double thickness. 


2-5. DOUBLE THICKNESS FLARE 


The double thickness flare is re- 
commended for only large size tubing 
(5/16 inch and over) and cannot be made 
very well on the smaller tubing. How- 
ever, it does make a stronger joint and, 
if possible, is to be used on joints that 
need to be extra strong. This flare is 
made using a double flaring tool; that 
is, one tool works the tubing into a 
bulletlike nose, and the othertool bends 
the tubing in and into the flare, making 


2-12. How to make practice flares and test them. A. 1⁄4" flares; B. 1⁄4" flares; C. 1/2" flares; D. 1⁄2" flares; 
E. The assembled flares ready for pressure testing. 


the flare of double thickness, Figure 
2-13. 


2-6. ANNEALING TUBING 


If a flare splits when being made, it 
may be due to the age ofthe tubing. Old 
tubing becomes brittle after a certain 
period of use and cannot be flared sat- 
isfactorily. A remedy is to anneal the 
tubing by heating to a dull cherry red 
or blue color and allowing it to cool in 
air or water. Pounding, rough handling, 
or bending the tubing tends tohardenit. 


oj SISSA 
X a 


FIRST OPERATION SECOND OPERATION 


W DOUBLE METAL 


2-7. BENDING TUBING 


It takes considerable practice tobe- — 
come competent in bending tubing. For 
the smaller size tubing such as is used 
in domestic models, it is not necessary 
to use special tools to do the bending. | 
However, a much neater jobanda much 
more satisfactory one is obtainable by 
using special tools. As mentioned be- 
fore, the tubing should be so bent that © 
it does not apply any strain on the fit- 
tings after it is installed. Another im- 
portant thing is that the tubing at the 


2-13. The punch method of forming 
the double shouldered flare. 
(Copeland Sales Co.) 
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bend should not be reduced in cross- 
sectional area, that is, be very careful 
when bending the tubing to maintain the 
roundness of the tubing and not allowit 


to flatten out or buckle. It is always ` 


wise to bend the tubing. into as large a 


| 2-14. The minimum safe bending radius for tubing. 
| 
radius as possible because that reduces 
| the amount of flattening of the tubing to 
a minimum, and itis also easierto bend 
it that way. The minimum radius in 
| which tubing may be bent is between five 
| and ten times the diameter of the tub- 
| ing, Figure 2-14. Tube bending should 
| be done quite slowly and carefully. Do 
| not try to make the complete bend in 
| one operation, but bend the tubing grad- 
| ually so that it may not be ruptured by 
| too sudden a stress. 
Some special tools which have been 
used to facilitate the bending operations 


2-15. A tube bending tool which prevents buckling of 
the tube while it is being bent. 
(Imperial Brass Mfg. Co.) 


are a round block or a short-section of 
large piping for hand bending; to obtain 
very accurate work, bending tools may 
be purchased from manufacturers. Fig- 
ure 2-15 shows a convenient tool used 
for bending tubing. An inexpensive coil 
spring bending tool which is easily 
carried in a kit andinsures against tube 
buckling is illustrated in Figure 2-16. 

These are available in all sizes and 
are made for both external andinternal 
use. The internal spring is foruse near 
the ends of the tubing or flared tubing, 
while the external is best used in the 
middle of long lengths of tubing. A 1/4 
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2-16. A coil spring bending tool. It is generally placed 
on the outside of the tubing. 
(Imperial Brass Mfg. Co.) 


inch O.D. tube bending spring may be 
used as an internal spring for 1/2 inch 
O.D. tubing. 

When tubing is bent with a bending 
spring, it tends to bind on the tubing. It 
can be easily removed by twisting the 
spring to cause the external spring to 
expand or to cause the internal spring 
to contract. If a bend is to be made 
near a flare and an external spring is 
to be used, bend the tubing first. An 
internal spring can be used either be- 
fore or after the flaring operation. 
Figure 2-17 shows some practice bends 
on 1/4 inch and 1/2 inch coppertubing. 


2-8. SOFT SOLDERING 


Soldering is becoming more and 
more a regular service operation. 
Soldering may be classed as anart, for 
it is only after very diligent study and 
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2-17, Practice bends on tubing. A. A 90° bend on 14," tubing; B. A 360° bend on !⁄4" tubing; C. A 90° 
bend on !⁄" tubing and D. A 180° bend on 1⁄2" tubing. 


application of soldering theory that real 
soldering results may be obtained. 
Soldering is applyinga molten metal 
to hot metals that are not molten. It is 
an adhesion process. The solder flows 
into the pores of the metals being join- 


~ 


2-18. A portable torch for refrigeration use. It can be 
used for soldering, light brazing, leak detecting, etc. 
(Linde Air Products Co.) 


ed, and as the solder solidifies, a good 
bond is obtained. 

Brass parts, copper tubing, fittings, 
and containers, such as the cooling unit 
of the refrigerator, are very easily 
soldered and this facilitates the work of 
the service man. 
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Fundamentally, in order to solder, 
(1) the surfaces to be soldered must be 
very clean; (2) a good clean flux must 
be used; (3) and a source of heat of 
sufficient quantity must be on hand. It 
must be understood that a non-cor- 
rosive flux will not clean a metal. This 
flux can only keep a metal clean onceit 
has been cleaned by filing, scraping, 
using steel wool, wire brushes, etc. 
The parts must have all the grease, dirt 
and oxides removed from the surfaces 


150 PSIG AIR 
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2-19. A tubing assembly for determining quality of 
soft soldering and silver brazing. 


being soldered. The good soldered joint 
is the lap type joint. 

A 50 per cent tinand 50 percent lead 
solder is usually satisfactory for soft 
soldering, except on cooling coils and 


l 
' 


Cut tube to length and 
remove burr with file or 
scraper, 


2 


Clean outside of tube with 
sandpaper or sandcloth. 


Clean inside of fitting 
with wire brush, sand- 
cloth or sandpaper. 


4 


Apply flux thoroughly to 
inside of fitting. 


5 


Apply flux thoroughly to 
outside of tube--assem- 
ble tube and fitting. 


6 


Apply heat with torch. 
When solder melts upon 
contact with heated fit- 
ting, the proper tempera- 
ture for soldering has 
been reached. Remove 
flame and feed solder to 
the joint at one or two 
points until a ring of 
solder appears at the end 
of the fitting. 


2-20. The correct steps to be followed when soft 
soldering copper tubing. 
(Mueller Brass Co.) 


7 


Tap larger sized fittings < 
with mallet while solder- > 
ing, to break surface ten- 

sion and to distribute 

solder evenly in joint. 
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their connections, However, solders 
containing as much as 95 per cent tin 
are now being recommended for refrig- 
eration work on cooling coils subjected 
to temperatures below 30 degrees F. 

A portable torch, Fig. 2-18, is a 
practical tool to use for heating sur- 
faces to be soldered. The gas that is 
recommended for this type of torch is 
acetylene (Prest-O-Lite). The flux re- 
commended for this type of work is one 
which has no corrosive properties. A 
very satisfactory flux may be made of 
alcohol and rosin. If an acid flux is 
used in this work, it tends to corrode 
the fittings and makes them unsightly 
and hard to work on later. 

An important fundamental of good 
soldering is that the metal being joined 
must be hot enough to melt the solder. 
This is the only way the solder will go 
into the pores of the metal. The heat 
should be applied to the metal to be 
soldered; then touch the solder to the 
metal. If the parts to be soldered are 
of the correct temperature, cleaned and 
fluxed, the solder will flow quickly over 
the surface. Do not heat the solder with 
the torch. 


When joining tubing and tubing fit- 
tings by soldering, one must clean the 
exterior of the tubing and the interior 
of the fitting thoroughly. Rolls of sand 
cloth are a good cleaning means, In- 
ternal and external brushes are also 
used considerably. Figure 2-19 illus- 
trates a tube soldering unit that can be 
connected to a Freon-12 cylinder or 
compressed air line and checked for 
leaks. When soldering tubing certain 
definite steps should be followed ina 
definite order. Figure 2-20 illustrates 
the correct procedure. 

Soldering coppers are frequently 
used to perform some of the lighter 
soldering tasks. These coppers come 
in sizes from 1 to 4pounds. The copper 
must have a thin coating of solder on 
the surface of the point. This ‘'tinning’’ 
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of the copper is accomplished as fol- 
lows: 

1, Remove the oxide from the point 
with a smooth file or sandpaper 

2. Heat the copper 

3. Sand the point of the copper 

4. Immerse the point in flux 

5. Rub the point of the copper in 
solder placed in the hollow of a sal 
ammoniac block (a flux) 

Wire solder is usually the most 
convenient to use because of the diffi- 
culty of getting at the soldering sur- 
faces, and the ease of application of 
the wire solder. To clean the surfaces 
previous to the soldering, a dry abras- 
ive should be used, such as sandpaper, 
Do not use emery cloth oremery paper 
on the surface under any conditions, 
While soldering, a helpful procedure is 
to ‘‘wipe’’ the surfaces after putting 
some solder on them; uSe a cloth, a 
brush, or the solder wire itself. This 
action will remove any dirt and will 
help tin the surfaces, 


2-9. REPAIRING THREADS 


Occasionally the threads of a fitting 
or fixture may become worn to suchan 
extent that they will not remain leak- 
proof, especially pipe threads. A very! 
convenient and rapid remedy for this: 
is to coat the threads with solder and‘ 
then remove the excess solder by 
sharply rapping the fitting while it is 
still warm. The threads will then be 
coated with a thin film of solder which 
will usually remedy the trouble. 


2-10. SILVER BRAZING 


One of the best methods of connect-. 
ing parts together in a leak-proof man- 
ner and to provide maximum strength 
is to silver braze the joint. These 
joints are very strong and will stand 
up under the most extreme temperature | 
conditions. Silver soldering, or silver 


TUBE TO PLATE JOINTS 


Pr 
POOR DESIGN G@OD ‘DESIGN 


GOOD DESIGN GOOD DESIGN 


TUBULAR TYPE JOINTS 


| POOR DESIGN 
UNNECESSARY FLARE 


GOON DESIGN 


2-21. 


GOOD DESIGN 


GOOD DESIGN 


i JOINTS BETWEEN LIGHT AND HEAVY PARTS. 


POOR DESIGN 


Some recommended designs which may be successfully silver soldered. 


| (Handy & Harman) 


|brazing as it is more correctly called, 
can be easily done if the correct pro- 
cedure is followed. The points to be 
‘remembered are as follows: 

a. Clean the joints mechanically 

b. Fit the joint closely and support 
Ithe joint 

c. Apply the flux to match the silver 
brazing alloy; Follow the instructions 
on the container 

d. Heat evenly to the recommended 
temperature 

e. Apply the silver solderas direct- 
ed 

f. Cool the joint properly 

g. Clean the joint properly and 
thoroughly 

An oxy-acetylene torch is anexcel- 
lent heat source for silver brazing. 
There are various silver alloys on the 
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market. Most of these have a 35% to 
45% silver content. Contact your local 
welding supply house for suitable sil- 
ver soldering and brazing supplies. 
This material usually melts at 1120 F. 
and flows at 1145 F. The part to be 
soldered or brazed must be made tofit 
accurately and must be cleaned. Any 
external surface should be cleaned to 
remove dirt. A fine grade of steel wool 
is considered good. Internal circular 
surfaces can be cleaned withclean wire 
brushes or steel wool rolled ona rod or 
by using a clean drill. 

The parts must have contacting sur- 
faces of sufficient size, such as a tube 
sliding into a fitting (not a drive fit) to 
get a strong fit, Figure 2-21. The con- 
tacting surfaces need not be very large 
(three times thinnest section). If the 
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parts are dented or are out of round, 
these faults must be corrected before 
the brazing is done. It is important to 
support the parts securely during the 
operation so no movement will take 
place. 

It is important to make sure that no 
flux enters the system during the braz- 
ing operation as it cannot be easily re- 
moved, This overfluxing canbe avoided 
by applying the flux to the surface that 
is to slide into the part. The excess 
flux will then stay on the outside. 


A 


2-22. Silver brazing copper tubing to a compressor 
dome. Note carbon dioxide connection. 


(Handy & Harman) 


The heating of the joint must be very 
carefully done. Carbon dioxide or ni- 
trogen should be circulated through the 
refrigerator system during any solder- 
ing operation on a complete mechanism 
to prevent an explosion, Figure 2-22, 
Caution: NEVER USE A REFRIGERANT 
OR COMPRESSED AIR. The flux be- 
havior is the best way to learn what 
the temperature of the joint is as the 
heating progresses. Keep the joint 
covered with the flame all during the 
operation to prevent air getting to the 
joint. The flux will dry out; the moist- 
ure (water) will boil off at 212 F.; then 
the flux will turn milky in color. Next 
it will bubble at about 600 F., following 
this it will turn into a clear liquid at 
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about 1100 F. This temperature is just 
short of the brazing temperature. The 
solder itself melts at 1120 F. and flows 
at 1145 F. A torch tip several sizes. 
larger than the tip used for soft sold- 
ering should be used so be sure toheat 
BOTH pieces which are to have the sil- | 
ver alloy adhere to them. Largertorch 
tip sizes are recommended to allow a 


2-23. Silver brazing a copper tubing connection. Note’ 
the oxy-acetylene torch and the careful mounting of 
the parts being brazed. 

(Handy & Harman) 


soft large quantity of heat without ex- 
cess pressure or ‘‘blow.’’ A slight. 


2-24. A set of socket wrenches and handles. 
(Snap-On Tools Corp.) 
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‘eather on the inner cone is recom- 
mended. Figure 2-23. 


%11. CLEANING THE BRAZED 
JOINT ; 


It is necessary to thoroughly wash 
and scrub the completed silver brazed 
joint. Use water. Any flux left on the 
metals will tend to corrode them and 
he residue flux may also temporarily 
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2-25. An alloy steel box wrench which has 12 points 
for use in cramped space. 


t 
f 


1-26. A flare nut wrench. The T jaw permits mount- 
ng the wrench on the nut with the tubing in place. 
; (Duro Metal Products Co.) 


stop a leak which will show up later. 

The joint may be cooled quickly or 
slowly. Cooling with water is permis- 
sible. This water may be used to wash 
the joint at the same time. Visual in- 
spection of the joint will quickly reveal 
any places where the silver alloy did 
not adhere, but it is advisable to watch 
for this adherence and make any cor- 
rections during the brazing operation. 


2-12. WRENCHES 


A serviceman uses many wrenches 
of several types and sizes. All wrenches 
must be made of good alloy steel, prop- 
erly heat treated, and accurately mach- 
ined and ground to fit the assembly de- 
vices, The wrench must fit the nut or 
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bolt head accurately, and it must fit as 
much of the hexagon as possible. For 
these reasons, the wrench types are 
listed in their order of preference: 


1, Socket Wrenches 

2. Box Wrenches 

3. Open End Wrenches 

4, Adjustable Wrenches 
2-13. SOCKET WRENCHES 


If the unit or socket does not have 
any obstructions over it, the six or 
twelve point socket is the best wrench 
to use. These sockets are usually made 
of chromium-vanadium steel and are 
turned by handles that have a 1/4 in. 
square, a 3/8 in. square, or 1/2 in. 
square drive, Figure 2-24. The handles 
come in a variety of designs: Swivel 
handles, T-handles, Ratchet handles, 
Speed handles, Torque handles, etc. 

Socket wrenches are more usable if 
they are double broached (12 point). 
Such a socket is easier to use if the 
handle must be operated ina small or 
restricted space. 


2-14. BOX WRENCHES 


When the nuts or bolt heads are in 
close quarters and one cannot use the 
socket wrench, the box wrenchis anex- 
cellent tool. These box wrenches are 
usually 12 point and provide a powerful 
non-injuring grip, Figure 2-25. 


2-27. A ratchet type flare nut wrench which may be 
used where there is little space for movement of the 
handle. 

(Tubing Appliance Co., Inc.) 


A very useful wrench for flare nuts 
is the double broached box wrench made 
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with an opening in the box ends to per- 
mit one to fit the wrench over the tub- 
ing, Figure 2-26, Box wrenches having 
flat and 15 degree handles are neces- 
sary to complete a kit. Figure 2-27 
illustrates a ratchet type flare nut 
wrench, 


2-15. TORQUE WRENCHES 


All materials are elastic. The cast 
iron and hardened steel usedinthe con- 
struction of compressors are elastic to 
a degree. In tightening bolts, nuts, and 
other attachments oncompressor parts 


2-28. Torque wrench. 
(Duro Metal Products Co.) 


and assemblies, it is important that the 
degree of tightness be measured in 
order not to distort or cause a mis- 
alignment of parts. In order to measure 
the degree of tightness, a torque wrench 
is used, Figure 2-28. 

These wrenches are usually wrench 
handles only and are made to receive 
sockets of various sizes. The handleis 
equipped with a graduated dial or point- 
er which is calibrated in foot pounds or 
inch pounds (to be technically correct 
it should be called pounds feet and 
pounds inches). To use the wrench the 
operator fits the socket to the nut, then 
draws up the tightness until the wrench 
indicator shows the tightness prescrib- 
ed. Service manuals list the recom- 
mended torque (twist) for various parts 
and fittings to give a snug fit and still 
not cause excessive distortion. 

Torque is calculated by multiplying 
the length of the handle in feet by the 
pull in pounds applied to the handle 
(foot pounds). Inch pounds is calculated 


by multiplying the length of the handle- 
in inches by the pull on the handle in 
pounds. 


2-16. OPEN END WRENCHES 


These wrenches can slide onthe nut 
or bolt head from the side and are used 
in close quarters and on unions and the | 
like where the socket wrench and the 
box wrench cannot be placed on the as- ` 
sembly device, 

End wrenches should not be used 
when the jaws are spread or when there | 
are burrs. It is also recommended that | 
end wrenches used in servicing work! 
have a wide jaw, or they will have a 
tendency to bite into the soft brass 
parts. Some popular sizes for wrenches : 
are: 1/2 inch across flats for 5/16inch 
N.C, and N.F. cap screws. These cap 
screws are commonly used on come: 
pressors, expansion valves, float valve | 
headers, etc. The 7/16 in. across flat’ 
wrenches for 1/4 in. screws and bolts 
are needed for float valve headers, | 
etc. The 3/4 in. across flats are used 
for 1/4 in. flare nuts which use 7/16 
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2-29. An open-end adjustable wrench. This very popular 
wrench must be carefully used to prevent injury to the 
assembly device and to the wrench. 
(Snap-On Tools Corp.) 


in, 20 N.F., threads. The 1 in. across! 
flat end wrenches fit the 1/2 in. flare 
nuts which use 3/4 in. 16 N.F. threads. 


2-17. ADJUSTABLE WRENCHES 


Wrenches withan adjustable opening 
between the jaws have long been popu- 
lar. One wrench can be used on a num- 
ber of different sized nuts or bolt heads. : 
However, the adjustable feature usually 
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vesults in one relatively weak jaw which 
joon goes out of alignment; and also 
urried work sometimes means that the 
rrench will not fit tightly, resulting in 
ruined wrench, bruised hands, and a 
uined nut or bolt head? Figure 2-29. 
, Adjustable wrenches are necessary 
n the kit because of the odd sizes found 
n this work, but it is best to use the 
ther wrenches unless the adjustable 
7vrench is fitted tightly to the nut. The 
*eason for this recommendation is that 
j\djustable wrenches are much more ex- 
yensive and are sometimes used when 
jot correctly adjusted tothe nut, tending 
o abuse it. 


+30. A service valve ratchet wrench. The left hand 

pening is a !/, in. square, the right hand a 1⁄4 in. 

quare with a !/2 in. hexagonal socket. The other square 
is a 3/16 in. opening. 

| (Imperial Brass Mfg. Co.) 

| 


'-31. A special service valve wrench. Note the fixed 

md for ‘cracking’ purposes and the reversible ratchet 

ind for quick control ave stems. The fixed end has 
openings for three different size valve stems. 

| (Duro Metal Products Co.) 


, It is important to use wrenches in 
ñuch a way that they fit completely on 
'he nut or bolt. One should always pull 
on a wrench rather than push on it, 
otherwise sudden loosening may cause 
3erious injury to the hand. 


2-18. SERVICE VALVE WRENCH 


_ The service valve stems are usual- 
ty constructed with a square end milled 
on the valve shaft and need a special 
wrench to manipulate them. This tool 
asually has a ratchet and a fixed end 
for this kind of work. It may be men- 
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tioned here that, when crackingvalves, 
the fixed end only should be used; when 
opening and closing valves through any 
appreciable distance the ratchet end 
may be used, Figure 2-30. 

Some service valve wrenches havea 
reversible ratchet which enables the 


2-32. A set of socket wrenches and handles for refrig- 
eration work. The top row are gland sockets and valve 
stem sockets. The middle row are 12 point and 6 point 
sockets. 
(Duro Metal Products Co.) 


operator to reverse the turning without 
removing the wrench from the stem, 
Figure 2-31. 


2-19. SERVICE VALVE WRENCH 
ADAPTERS 


Many companies use valve stems 
other than the 1/4 inch square; some 
valve stems are constructed in sucha 
manner that the milled end is inside 
the valve body, necessitating a socket 
wrench to manipulate it. For these 
reasons adapters are available in the 
various sizes. The male, ordrive, part 
of the socket is usually 1/4 in. square 
although there are a few which use a 
larger drive (9/32 in.), The socket, or 
opening which fits the valve stem, 
comes in five sizes: 3/16 in., 7/32in., 
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1/4 in., 5/16 in. and 3/8 in. These 
sockets are usually made with eight 
points to simplify their use. Most of 
the valve stems have internal packing 
gland nuts, and special sockets must be 
used, Some Frigidaire and Norge valves 
are examples. It is best to obtainthese 
special sockets with ball-bearing grip- 
pers to prevent losing them when work- 
ing in difficult positions. Figure 2-32 
illustrates these special sockets. 


2-20. FITTING RESURFACERS OR 
REFACERS 


After a fitting has been used fora 
number of times and tightened and loos- 
ened repeatedly, the 45 degree flare 
surfaces become worn. Rough handling 
may also abuse the 45 degree surface. 
To true up the surface again, a Special 


2-33. A fitting reamer set. A. Flared end of fitting; 
B. 45° reamer blades; C. Adapter for each size of 
fitting; D. Reamer handle. 

(Imperial Brass Mfg. Co.} 


tool may be used. This tool consists of 
a 45 degree end reamer built into a 
special jig with adapter threads for 
every size fitting. A T-handle is used 
to manipulate the reamer. One form of 
this tool also recuts the threads. Bad- 
ly worn fittings should always be re- 
placed rather than repaired. Figure 
2-33 illustrates a fitting reamer set. 
One should never reverse the turning 
of the reamer as the action will dull 
the cutting edges. 


2-21. THERMOMETERS 


Two tools that the service man must 


depend on are the thermometer and 
gauge set. The thermometer is used to 
check the cooling unit temperature, the 
refrigerator cabinet temperature, and 
the condensing unit temperature. To 
determine whether the thermometer is 


2-34. Stem type refrigeration thermometer with podi 
carrying case. 
(Taylor Instrument Co.) 


accurate, 
be used, and the thermometer shoulc 


i 


an ice and water bath ma} 


check within 1 F. of 32 F, Usually the 


thermometer carried by refrigerato: 
servicemen will not go up to 212 F. 
therefore, 
check that can be easily used, Figure 
2-34. 

Many types and sizes of thermomet: 
ers have been developed forthe refrig: 
eration service and installation man 
Probably the most popular is the glas: 
stem type mounted in a metal case tha 
is equipped with a pocket clip to per: 
mit it being easily carried in a pocket 

The glass stem thermometers usua: 
ly read from -30 F. to 120 F. in2 F 


RESERVOIR 


-STEM 


LOWEST SEPARATION 


DON'T TOUCH THERMOMETER WITH 
MATCH OR CIGARE TTE. 


BALL 
DON'T APPLY HEAT FROM 


THE BOTTOM 
i 


2-35. One method that can be used to connect a bree 
in the liquid column of a glass stem thermometer. 
(White-Rodgers Electric Co.) 


46 


the ice bath is the only 
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, raduations. The tube may contain 

, ither mercury or a red fluid. The 

ia aercury-filled thermometer is faster, 

. ut it is harder ta read.’ Some ther- 

i; pometers have a special magnifying 

| ront built into the glaSs, to magnify 
ae liquid level to aid in reading. 
Occasionally, the fluid in the col- 
| mn will separate. The best way to 
aake the column a solid column of 
iquid again is to cool the bulb witha 
‘mall quantity of liquid Freon-12 spray- 
‘don it. The column will shrink into 

fe bulb; and when it re-expands, the 
ireak will have disappeared. If the 
aercury is frozen into a solid the ther- 
nometer will break. 

Another way to connect the column 
shen a break occurs is to heat the 
hermometer as shown in Figure 2-35. 

Metal clips are available to fasten 

hese thermometers to coils and tubing 
or accurate temperature measuring. 


| 


2-36. A dial type thermometer with a remote sensitive 
bulb. Note the range is from —40 F. to 120 F. 
{Taylor Instrument Co.) 


Dial thermometers are also used 
extensively. They are operated either 
oy a bi-metal strip or by a bellows 
charged with a volatile fluid. Some of 
the dial thermometers have a remote 
sensitive bulb connected to the bellows 


by means of a capillary, and some are 
equipped with an adjusting screw to 
enable one to reset them if they start to 
read inaccurately. Figure 2-36, 


2-22. GAUGES 


Inasmuch as the pressure gauges 
that the serviceman uses are the in- 
struments whereby he determines ex- 
actly what is happening inside the sys- 
tem, it is evident that these gauges 
must indicate correctly. This neces- 
sitates very accurate gauges and a 
periodic recalibrating of these gauges 


2-37. Pressure gauges for servicing refrigerators. A. The 
high pressure gauge. B. The compound or low pressure 


gauge. 
(Marsh Instrument Co.) 


to reset them to their original accur- 
acy. The two gauges most used are the 
high pressure gauge used on the high 
side of the system and the compound 
gauge used on the low side of the sys- 
tem. These two gauges are calibrated 
quite differently. See Figure 2-37, A 
and B. 

The high pressure gauge (A) has a 
single continuous scale reaching from 
0 to 300 usually. The compound gauge 
(B) measures pressures both above 
atmospheric and below atmospheric. 

There are a large number of dif- 
ferent dial calibrations on the market, 
Figure 2-38. The high pressure gauge 
scale is usually in either 2 lb. or 5 lb. 
graduations, while the compound gauge 
scale is either in a 1 in., 2 in. or 5in. 
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2-38. Several types of gauge dials. A, B, F, and H are pressure gauges. C, D, E, and G are compound gauge 


graduations below atmospheric pres- 
sure and as above for pressures above 
atmospheric. Some gauges use a re- 
tarder to permit accurate readings in 
the usual operating range by using an 
extra spring at pressures above nor- 
mal. These gauges are easily recog- 


2-39. Internal construction of a pressure gauge. A. 
Adapter fitting, usually !/g in. national pipe; B. Bourdon 
tube: C. Link; D. gear sector; E. pointer shaft gear; F. 


calibrating spring; G. restrictor! H. case. A bezel fastens 

the crystal to the case and a dial completes the gauge. 

All the bearings are very delicate and the gauge must 

be handled with the greatest care. J. is the cross section 
of the Bourdon tube. 


nized by the change in graduations at 
the higher readings of the positive 
pressure scale. 

The gauges are constructed using a 
Bourdon tube as the operating element. 
This Bourdon tube is a flattened cop- 
per tube sealed at one end, curved, and 


soldered to the gauge fitting atthe othe 
end, Figure 2-39. A pressure rise i 
the Bourdon tube will cause it to ten 
to straighten out. This movement wil 
pull on the link, which will turn th 
gear sector contra-clockwise and th 
pointer shaft will then turn clockwis 
moving the needle likewise. 


Instruments have been designed t 
calibrate gauges accurately; any sho 
that uses a large number of gauges o 
is remotely situated should have onec 
these instruments on hand for calibra 
tion. These instruments are usuall 
built on the basis of dead weights fo 
calibration above atmospheric pres 
sure and a mercury column indicate! 
for pressures below atmospheric, 0 
vacuum, | 

The high pressure gauges have © 
range as shown, of 0-300 psig pres. 
sure, but this does not protect th 
gauges from being harmed at lowe 
pressures. A rapidly fluctuating pres 
sure at any pressure will soon hart 
the gauge. A sudden release of 300 ps 
into the gauge will also injure it. Th 
most popular gauges have a 2 1/2-ir 
dial and use a 1/8-in. pipe, mal. 
thread. However, many have 1/8-in 
pipe female thread. A servicema 
should use another fitting 1/8-in. pip 
male by 1/8-in. female to protect th 
gauge threads. The compound gaug 
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specially should be protected from 
y abuses and sharp pressure fluctu- 
ions. These gauges should be cali- 
‘ated at least once every month. By 
‘libration is meant that they” should 
t checked on a machine sing 3 mas- 
Ir gauge. They must be checked over 
teir full range or scale. 

The compound gauge may be ob- 


ined in various calibration ranges 
Viscosity 
SSU 
Refrigerant 100°F 
SO2 (R,) 75-85 
SO2 (R,) 95-115 
Methyl Chloride (R,) 
F-12 (R,) F-21 (R,) 150-160 
SOz (R,) F-114 (R,) 
F-22 (B,) (Low Temp) 150-160 
190-210 
Methyl Chloride (R,) 
F-21 (R,) F-12 (R,) 280.300 
F-114 (R,) 
F-22 (R,) (Low Temp) 280-300 


systems. 


compressors. 


| 
ich as 30 in. Vac-0-60 psig, 30 in. 
ic-0-90 psig and 30 in. Vac-0-120 
ig. Compound gauges should never 
» used on the high pressure side of a 
rstem. When using a compound gauge 
i machines, in whichthe high pressure 
ay back up through the compressor or 
lance through the refrigerant con- 


ein. Vac-0-200 psi gauge should be 
sed, 

| One company is now marketing a 
“hecial compound gauge which, inaddi- 
Jon to the usual pressure calibration, 
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30 in. Vac-0 psi, has three additional 
scales which give the evaporating tem- 
perature corresponding to the various 
pressures for such refrigerants as 
sulphur dioxide, methyl chloride, and 
Freon-12, This extra scale makes 
it unnecessary to refer to pressure 
temperature curves or tables forcome- 
mon refrigerants in order to check 
operating pressures. 


Floc Corrosion Pour Dielectric 


Test Cotton Test Strength 
°F Strip ASTM Volts, Min. 
at 212°F (Max. °F) 
No —45 25,000 
No —40 25,000 
No —35 25,000 
—70 No —35 25,000 
No —30 25,000 
No —25 25,000 
—50 No —25 25,000 


SSU means Standard Sayboldt Unit (Sayholdt Universal Seconds) and is the time 
required for a certain oi] quantity to flow through a certain size opening, therefore, 
the higher the number the “thicker” the oil. 


Floc test is the temperature at which wax separation occurs. 


Pour test is the American Society of Testing Materials standard on the maximum 
temperature before the material becomes fluid. 


Dielectric strength is a test of the resistance of the oil to electrical flow. This re- 
sistance is specially important in hermetic units and is very important in all 
R, is the symbol for rotary compressors and R, is the symbol for reciprocating 


| 40. Refrigerant oil properties required for various refrigerants using different compressors and operating at 
typical temperatures. 


2-23. REFRIGERATION OIL 


In the mechanical refrigerator the 
moving parts, of course, must be lubri- 
cated with oil in order to have long life 
and efficient performance. This oilis of 
special grade, usually rather light, and 
is specially treated to remove all 
moisture and corrosive compounds. 

Refrigerant. oil is especially pre- 
pared mineral oil. Special refining pre- 
cautions must be takento remove prac- 
tically all of the wax, moisture, sulphur 
and other impurities. Most refrigerant 
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oils have a foaming inhibitor added. 

(One must be very careful to use 
oils that have a low enough pour point 
and that there will be no wax separa- 
tion at the low temperature to cause 
refrigerant control clogging.) 

Refrigerant oils are available in 
several viscosities. Vis cosity is the 
time in seconds it takes for a definite 
quantity of the oil to flow througha cer- 
tain size opening at 100 degrees F. 
(Sayboldt). Therefore, the lower the 
viscosity number, the thinner the oil. 
The six standard viscosities are 75-85, 
95-105, 150-162, 192-208, 300-324, and 
485-515. 

The Freon group of refrigerants 
uses the thicker oils such as 300-324 
and occasionally 485-515 (air condi- 
tioning). 

Methyl Chloride uses the 300-324 
group; sulphur dioxide uses the 150- 
162 group usually, while the 95-105 
group is for low temperature use. 

The food freezer and frozen food 
units need oils that have extra low pour 
points, and they must have extra low 
wax contents. 

Hermetic system oils must be of the 
best quality obtainable. These oils.must 
have a minimum of foreign matter, 
moisture, and wax. The oil cannot have 
any hydro-carbons that may precipitate 
on the compressor valves or other 
parts. The viscosity of the oil must be 
accurately determined for the tem- 
perature ranges to whichthe refrigera- 
tor may be exposed. The oils must have 
a very low temperature pour point and 
a very low wax separation point. The 
accepted method to test an oil for 
moisture content is the Dielectric Test. 
This test imposes a 25,000-volt elec- 
tric pressure on electrodes immersed 
in an oil sample. If any current flows 
there is moisture present in the oiland 
the oil is unfit for refrigeration use. It 
is highly important that this oil bekept 
in sealed containers, that it be trans- 
ferred in chemically clean containers 
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and lines and that it not be left exposed 
to the air as it will absorb moisture, 
Figure 2-40. Never refill a refrigera- 
tor with used oil. Always use new oil. 

The oil (mineral oil) is obtainable 
in l-gallon cans, 5-gallon cans, and 
in barrels. The price varies somewhat 
with the grades, such as a low pour- 
point oil is more expensive than one 
having a higher pour-point value. The 
pour-point of any oilis the temperature 
at which it starts to flow. For domestic 
machines with refrigerant tempera~ 
tures as low as 0 F. to 5 F., a pour= 
point of -20 F. is desirable. Always 
seal an oil container after having drawn 
some oil from it. | 


2-24. REFRIGERANT CYLINDERS 


Refrigerant cylinders are made of 
steel. They are usually of one piece 
construction with one opening for the 
service valve. The larger cylinders 
usually have a fuse plug threaded into 
the concave bottom as a protection 
against overheating or excessive pres=, 
sures. 

The refrigerant cylinders shouldbe 
stamped with an I.C.C, stamp (Inter-, 
state Commerce Commission) and 


i 


2-41. A refrigerant service cylinder. The color code fc 

cylinder colors is as follows: Silver and black—sulphu 

dioxide, Orange and black—methyl chloride, Red anc 
black—iso-butane, Yellow and silver—Freon —12. 


should also be dated. The cylinde 
should not be used when the date on the 
cylinder is more than six years old 
Refrigerant manufacturers request tha 
all cylinders be returned to them eacl 
six months or more often in order tha 
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he valve fittings and the complete 
sylinder may be carefully checked. This 
Yervice assures safer cylinders. The 
service man’s cylinders are called 
j-lb. cylinders; they areysually equip- 
bed with a service valvechavihg a 1/8 
'n. pipe female connection, Figure 2-41. 


This size of cylinder is not equipped 
| vith a safety fuse plug. The cylinder will 
‘old 5 lbs. of sulphur dioxide, 3 lbs. of 
nethy] chloride, just a little more than 
lb. of iso-butane (Freezol), and 5 lbs. 
of Freon -12. 

' The cylinders for the various re- 
'rigerants obviously should not be 
| interchanged; to help prevent this, 
lifferent colors are painted on the 
‘sylinders. Silver and black are used for 
sulphur dioxide cylinders; orange and 
ylack for methyl chloride cylinders; and 
‘sed and black for iso-butane, while 
yellow and silver are used for Freon 
12, When purchasing refrigerants, 100 
‘ind 150 lb. containers should be obtain- 
"hd. This permits a much lower price 
i ber pound of the refrigerant. The 
‘'ransferring of the gas from this large 
+ylinder to the service cylinder should 
She carefully performed and a record 
‘sept of how much has been removed. 
‘Add 3 per cent to account for gas 
osses. Service men also use cylinders 
of the following sizes for large jobs. 
[hese cylinders are equipped with 

vafety fuse plugs: 


a 

reon 12 25 Ib. 145 1b. 
on 22 22 Ib. Peno 

if | 

i ethyl 

I| Chloride 15 lb. 60 Ib. 100 lb. 
sulphur 

„Dioxide 25 lb. 1001b. 150 Ib. 

"Freon 114 25 1b. 150 lb. 


i mA cylinder should be thoroughly 
j nsed out periodically. Use a moisture 


| 
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absorbent cleaning fluid, as the im- 
purities getting into the refrigerants 
may be very corrosive to the re- 
frigerating system. 

You can tell whether or not thereis 
refrigerant in a cylinder by shaking it 
and listening to the movement of the 
liquid or by tapping the sides of the 
cylinder, which willindicate the level by 
changing its tone as the pounding passes 
the liquid level. 

The cylinder valves should receive 
the same care as the service valves of 
a refrigerator. The valve is a packed, 
one-way valve; the packing nut should 
be kept tight unless using the valve. 
The opening should be sealed witha plug 
when not in use. 

Caution: NEVER FILL A REFRIG- 
ERANT CYLINDER COMPLETELY 
FULL OF REFRIGERANT BECAUSE 
THE CYLINDER MIGHT BURST DUE 
TO HYDROSTATIC PRESSURE, THE 
SAFE LIMIT IS 85 PER CENT FULL. 
NEVER HEAT A CYLINDER WITH A 
FLAME; IT MIGHT BURST. 

Service tanks should be weighed 
before and after filling, for in this way 
the amount of refrigerant in the cylin- 
der may be readily determined. When 
charging a cylinder, the service cylin- 
der should be placed onaccurate scales 
and only the specified weight of re- 
frigerant charged into it. 


2-25. BRINE 


Some older refrigerating units have 
the cooling unit in a brine filled tank. 
The advantage claimed for these brine 
tanks is that the quantity of the brine 
acts as a storage for refrigeration; 
it will absorb considerable heat be- 
tween running cycles of operation of 
the condensing unit, thereby lengthening 
the interval between cycles of the unit. 
The term ‘‘hold over’’ is applied to 
cooling units that are designed to pro- 
vide refrigeration between running per- 
iods of the condensing unit. 
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2-26. COMPOSITION OF BRINE 


The older refrigerators used acal- 
cium chloride (CaCl) brine. This brine 
was composed of a solution of about 
2 1/2 lbs. of CaCl in a gallon of water- 
Such brine will not freeze above 0 F. 
Care should be taken when mixing the 
brine because of the heat generated. 
Never mix the brine in the cooling unit 
itself. To help prevent corrosion, a 
little bichromate of soda is added. 

Later models used alcohol or gly- 
cerine brine as they have less corro- 
sive actions on the metals. Alcoholand 
glycerine brine may be used where 
CaCl has been used if itis desired. 

The usual alcohol brine consists of 
30-40 per cent alcohol (Formula No. 1) 
and water. This brine will not freeze 
above 0 F. Glycerine brine is made of 
40-45 per cent glycerine in water 
solution. This will not freeze above 
8) 1 


2-27. GASKETS 


Because it is impractical to make 
surfaces being clamped together leak- 
proof and because subsequent warpage 
would likewise cause the joint to leak, 
some soft material (gasket) is used to 
fill the slight imperfections between the 
surfaces. 

Gaskets are used to seal joints 
between assembled parts to keep the 
refrigerant from leaking out, to keep 
the oil from leaking out, and to keep 
air from leaking into the system. 
Gaskets are used between the valve 
plate and the compressor body, and 
between the valve plate and the com- 
pressor head. Gaskets are alsoused on 
the crankcase and at the crankshaft 
seal. 

Metal gaskets are very common. 
Lead is the most popular metal because 
it is soft and non-corrosive. Aluminum 
has also been used. Composition gas- 


kets made of plastic impregnated paper 
are also popular. . 

These gaskets must not restrict the 
openings. They must not lose their} 
compressibility, and they must not be | 
thicker than the original gasket. 

The surfaces that contact the gasket 
must be kept free of burrs, bruises, | 
and foreign matter. 


2-28. CLEANING 


Before any mechanism can be suc- 
cessfully repaired, it must be thor- 
oughly cleaned. Also this same mech-: 
anism must be cleaned after it has been 
repaired. Many methods have been used, 
to clean mechanisms. Some do not doa 
thorough job, while others are danger- 
ous. A cleaning method must be able to 
remove oil, grease and sludge. It must 
not injure the parts and, most ims; 
portant, it must not be injurious to the 
user, In refrigeration and air cone, 
ditioning applications, the cleaning 
method must remove moisture, or at. 
least not add moisture. 

There are several classes of clean- 
ing methods: 

1, Steam Cleaning: If the parts are. 
exposed to hot water or steam, the 
grease will become more fluid and will: 
float off the surface. However, steam, 
and hot water will burn one if care-i 
lessly used. 

2. Caustic Solution Cleaning: When 
an alkaline is dissolved in hot water, 
the mixture will remove grease and oil. 
This solution must be carefully used or 
one may suffer burns or injured eyes. 

3. Oleum or Mineral Spirits: A pet- 
roleum product that is very popular is 
a petroleum derivative that has a flash 
point of approximately 140 F. (kerosene 
has a flash point of 130 F.). It cleans 
well and leaves a nice smudge-free, 
surface. However, there is always a 
fire hazard in connection with this fluid. 
It cleans well, but should always be 
used in small amounts only. It should 
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be used in self-closing tanks, and the 
cleaning tank should be exhaust venti- 


‘slated (hood and an rE loo lonsytoo! 


P 


exhaust fan). - 

4. Carbon Tetrachioride: This is 
an extremely heavy fluid that cleans 
grease, oils, sludge, etc.; and it also 
absorbs some moisture. For many 
years, it was rated as almost aperfect 
cleaner. However, medical authorities 
found that carbon tetrachloride breath- 
ing or wetting the skin with carbon 
tetrachloride affects the kidneys and 
liver and that this bad effect is ac- 
cumulative. Breathing even small con- 
centrations of the fumes will eventually 
make one very ill and may even cause 
death. 

5. Never use gasoline for cleaning. 
It has an extemely low flash point, and 
its fumes are heavy and may travel 


| far to ignition sources. 


6. Alcohol is a good cleaning fluid. 
However, it is both flammable and 
toxic. Special precautions must be 


| taken when using it. 


7. Vapor degreasing is a system 
whereby a cleansing fluid is placed in 
a tank; the fluid is warmed so that the 
upper part of the tank is filled with the 
vapors of the cleaner. Any parts sus- 


| pended in this cleaning vapor are 


quickly and thoroughly cleaned. Such a 
tank must be specially vented. 

8. There are several patented 
cleansing fluids available. One should 
be sure to read the instructions and to 
follow them closely. 

Refer to Chapter 29 for a more 


.| technical explanation of metal cleaning. 


2-29. ABRASIVES 


Surfaces are cleaned, smoothed or 
made accurate to size with abrasives. 


| Abrasives are grinding particles at- 
| tached to paper or cloth by some glue 


Or adhesive, Various abrasive mater- 


| ials are used. Sandpaper was the only 
, abrasive for many years, and it is still 


excellent for wood finishings or where 
a dry surface is wanted. Emery, alum- 
inum oxide, and silicon carbide are 
abrasive materials used today. 

Emery cloth is available in different 
grades. These grades are 0000 (finest), 
000 (very fine), 00 (fine), 0 (fine), 1/2 
(medium fine), and 1 (medium light), 

The silicon carbide abrasives are 
available as follows: 500 (finest), 360 
(very fine), 320 (fine), 220 (medium 
fine), and 180 (medium). 

The aluminim oxides are available 
as follows: 320 (extra fine), 240 (fine), 
150 (medium fine), and 100 (medium), 

These abrasives come in 9 in, x 11 
in. sheets or in rolls usually 1 inch 
wide. 

When using these abrasives, the 
paper or cloth is backed by a block 
made of wood, metal, felt or rubber. 
Special sanding blocks may also be 
obtained, 


2-30. VALVES 


Practically all systems that contain 
fluids use valves to either manually or 
automatically control the flow of these 
fluids. The automatic valves operate on 
the basis of liquid level changes, on 
pressure changes, or on temperature 
changes, Examples of these are the low 
side float valve, the automatic expan- 
sion valve, and the solenoid valve 
respectively. 

However, the service man must 
also be familiar with the manual valves 
installed in the refrigerating system. 
These valves enable the service manto 
separate the various parts of the sys- 
tem, one from the other, and to install 
gauges, charge, or discharge a system. 

There are several kinds of manual 
or hand valves inuse, These valves may 
have hand wheels on the stems, but 
most, of them are made in such a way 
that a valve wrench is needed to turn 
them. The stems are made of steel or 
occasionally brass. The body is usually 
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made of drop forged brass, Packing is 
installed around the valve stem, anda 
packing adjusting nut is used to keep the 
joint from leaking. 

The types of valves in use are the 
one way valve and the two way valve. 
The one way valve is closed by turning 
the valve stem all the way in (to the 
right or all the way clockwise). The 
two way valve usually closes or shuts 
off the refrigerant flow in the system 
when the stem is turned all the way in; 
while it shuts off the charging, dis- 
charging or gauge opening when the 
valve stem is turned all the way out or 
all the way contra-clockwise. The valve 
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2-42. Two typical service valve designs: 1. A two-way 

valve. A. Opening to compressor; B. To suction line; 

C. Opening for gauges. 2. A one-way valve. A. To 
liquid line; B. To liquid receiver. 

is open both ways if the stem is turned 

to be part way between all the way out 

or all the way in, Figure 2-42. 

The tubing, or pipe, is fastened tô 
these valves by the flare connection or 
by soldering. The valve is fastened to 
the compressor by pipe threads or by 
bolted flanges. 

It is good practice to openany valve 
by first just ‘‘cracking”’’ it, i.e., open- 
ing it 1/16 to 1/8 turn. This slow 
Opening prevents a shock pressure 
rush, which may injure mechanisms or 
flush oil in abnormal amounts. 

2-31. SMALL TOOLS 

The refrigerating mechanism in 

comparison to an automobile engine is 
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a relatively light duty one. It can easily | 
be abused. Therefore, when one works 
on this mechanism, itis necessary tobe 
careful in the use of tools to avoid’ 
injuring the unit. 

Practically all the common small 
tools are used on refrigerating units, 
Such tools as brushes, chisels, hack- 
saws, hammers, mallets, punches, 
rules, stamps, vises, etc. are all used 
in practically every hand toolindustry, 


2-32. BRUSHES 


Work must be kept very clean t 
obtain good results. Brushes are pro- 
bably the most satisfactory cleaning) 
tools. | 

For cleaning copper and steel sur- 
faces for welding or brazing, a clegg 
steel wire brush is the most satis-f 
factory tool. These brushes may bę 
obtained in a variety of shapes ant 
sizes, The brush should have fine stee! 
wire bristles, thickly set, and should 
have a comfortable handle. Speciaj] 
cylindrical brushes are available in| 
all sizes for cleaning the external anc |} 
internal surfaces of tubing and fittings | 
prior to soldering and brazing. Figuré| 
2-43 illustrates some good brushes fo: 
this work. i 

Paint brushes are needed to appr 
paints or to use with cleaning solvents i 
If used for painting, the brushes shoul 
be of the best quality (long bristles’ | 
The brushes must be thoroughly clean 
ed after being used, and they should b: f 
wrapped in wax paper and labeled befor — 
storing. When used with cleaning sol 
vents, the brush handle should be drill 
ed and the brush hung over the cleanin 
tank. 

File brushes and file cards are ver, 
necessary as the file teeth quickl | 
become filled with metal, and unless th 
clogging material is removed, the file | 
are useless. Do not use the file card fo | 
any other purpose as the bristles ma 
become clogged with foreign matter. | 


| 
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2-33. COLD CHISELS 


> In general, a cold chisel is not 
yeeded in a refrigeration shop; but 
ecasionally for odd jobs in the shop, 
‘he tool will be found quite useful. 
requently, one will find the assembly 
levices on cooling coils very corroded, 
ind a chisel will be needed to remove 
he nut or screw. A 3/4 in. flat cold 
hisel is the most popular size. Be sure 
lo keep the hammering end of the chisel 


2-43. External and internal tubing brushes. 
(Schaefer Brush Mfg. Co.) 


free from mushrooming. Pieces may 
fly from a mushroomed head causing 
injuries. 

| 


2-34. FILES 


| For thorough cleaning of metal sur- 
faces and some filing work, files of 
various sizes and types are necessary. 
Files are classified according to 
their tooth size, their shape, and the 
number of directions the teeth are cut 
on the file. 

All files are either single cut or 
double cut, Figure 2-44. 
| The single cut file is used for 
finishing surfaces, while the double cut 


files are used for fast metal removal. 

Files come in different lengths: 4, 
6, 8, 10, 12 in., etc.; and the coarse- 
ness of the teeth is proportional to the 
length. The size of the teeth on files 
varies from dead smooth, smooth, 
second cut, bastard, tocoarse. A second 
cut 6 in. file has much smaller teeth 
than a second cut 12 in. file. 

Files come in a variety of shapes: 
rectangular, half round, round, triangu- 
lar, square, wedge shape, etc. 

One oddity in files is that there are 
three types of rectangularcross section 
files; (1) hand, (2) flat, and (3) mill. 

The mill file has only single cut 
teeth. The hand and flat files have 
double cut teeth. But the hand file has 
one edge that has no teeth (calleda Safe 
edge) and the edges of the file are 
straight edges. The flat file has teeth 
on all four surfaces and edges which 
are curved. 

It is important to use file handles 
on files to avoid injury. 


2-35. HACKSAWS 
A hand hack-saw is a popular tool 


for cutting tubing and for other installa- 
tion and maintenance work. 
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2-44. An illustration which shows the difference between 
a single-cut and double-cut hand file. 
(Nicholson File Co.} 


A rigid frame using a 10in. bladeis 
the most popular type for this work. 
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Figure 2-45 illustrates a suitable saw. 
The blades have different numbers of 
teeth per inch. Fourteen teeth per inch 
blades are used for soft metal and wide 
cuts; eighteen teeth per inch blades are 
used for medium soft metals; twenty- 
four teeth per inch blades are used for 
general work; and thirty-two teeth per 
inch blades are used for thin metal, 
tubing, and/or hard metal. One should 
stroke a hack-saw about 60 strokes per 
minute and always lift the blade slightly 
on the back stroke. 

With most blades the teeth are 
hardened while the back of the blade is 
soft and flexible. The blades are usually 
tungsten steel alloy, although high qual- 
ity blades are tungsten, molybdenum 
steel alloy. 

Special hack-saw frames are avail- 
able to enable one to work in small 
holes. There is also a stub hack-saw 
blade and adapter drive to fit electric 
drills. 


2-36. HAMMERS 


A hammer is necessary for shop 
maintenance work. A 12 or 16 ounce 
ball-peen hammer is the most useful 
size. It is very important that the head 
be very firmly fastened to the handle 
and that the handle be in excellent 
condition. Correct use of a hammer 
means to grasp the handle about two- 
thirds of the way along the handle from 
the head. One should use mostly the 
elbow muscles rather than the wrist 
muscles to move the hammer. 


2-37. MALLETS 


The mallet is frequently needed to 
drive parts into place or to separate 
parts without injury to the surfaces. To 
do this driving, a 1 1/2 lb. to 2 lb. 
mallet is the most desirable. A raw- 
hide, rubber, wood, or lead mallet 
should be used. The wood or raw-hide 
mallet is preferred. 


2-38. PUNCHES 


Center punches are required for | 
locating the positionto drill. Remember 
that the center punch mark must be 
large enough to hold the point of the 
drill. Center punches are also used to 
make alignment marks on refrigeration 
parts before dismantling. 

These tools are usually of carefully 
heat treated chrome alloy steel. The 
cutting edge must be hard, while the 
pounding end must be tough and shatter 
proof. Always grind away any mush- ` 
room head that forms. A fairly heavy 6' 
in. punch will be the most satisfactory. 

Drift punches and pin punches are 
used to remove retainer pins and keys. 
The blunt end is called the bill. The 
punches are measured in small lengths. 
and in diameter of the stock. These 
chrome-vanadium steel punches come 
in sizes, 3/32 to 5/16. 


| 


2-39. PLIERS 


Pliers are universal tools. There 
are many different types for each and 
every job. 

Gas Pliers: These pliers are slip 
joint combination pliers, and are very 
handy for general use. They should not 


2-45. A hacksaw used ło cut copper tubing and pipe. 
[Duro Metal Products Co.) | 


be used on nuts, bolts, or fittings, as 
they might slip and injure the device, 

Cutting Pliers: These pliers come 
into good use when working on the wir- 
ing of the refrigerator. One type called 
the lineman’s pliers is a powerful’ 
cutting and gripping tool. Another type 
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called diagonal pliers is used to cut 
in close quarters. 

Nut Pliers: Ausefultool that is very 
rapid to use and that saves considerable 
time when detaching terminal nuts, 
etc. is a pair of nut piiers. dm general, 
it is considered bad ‘practice to use 
pliers of any kind on bolts or nuts; but 
these pliers have parallel jaws and 
some are equipped with an adjustable 
cam action that locks the jaws on the 
device. These are very useful for 
holding the head of a bolt while turning 
the nut with a wrench. 

Slim nose pliers and duck bill pliers 
are used to reach into hard to reach 
places. 

Round nose pliers are used to shape 
wire into loops and to bend sheet metal 
edges. 

Pliers are made of alloy steel, 
usually with manganese, although some 
are chrome vanadium steel. All the 
better pliers are drop forged. 


2-40. STAMPS 


It is good practice for the re- 
frigeration service man to stamp his 
name and the date on any unit sold or 
serviced. This eliminates grounds for 
arguments. Many companies have a 
code system whereby only their own 
employees are able to get the informa- 
tion stamped on the unit. This stamping 
is done with hardened steel stamps. 
These may be obtained in a variety of 
sizes, letters, figures, or symbols. 
One-eighth inch letters are the most 
important popular sizes. These stamps 
should not be used on hardened mater- 
ials such as tools, etc. 

2-41. RULES 

A 9 inch or 12 inch steel rule is 
frequently needed for measuring dis- 
tances when overhauling units or in- 
Stalling them. The rule should be 
calibrated in 1/32 inches, and if pos- 


sible, should be of stainless steel to 
avoid rusting. The numerals and grad- 
uations should be very legible. Installa- 
tion men will find a 6-foot flexible 
steel tape of great value when laying 
out a job. 


2-42. SCREW DRIVERS 


Screw drivers are extensively used 
for refrigeration service work; for 
installation, and for shop work. A com- 
plete set of screw drivers willbe found 
highly desirable. The length of ascrew 
driver is measured as the length ofthe 
blade, not including the handle. The 
recommended sizes for the average 
shop should include 2 1/2, 4, 6 and 
8 in. sizes. 

There are several types of screw 
drivers. There is the straight blade or 
regular screw driver and also a rela- 
tively new type of screw driver, the 
Phillips type, inwhicha recessed cross 
in the head of the screw forms a 
socket for a mating point on the screw 
driver. Phillips screw drivers are 
available.in four sizes: the 3 in. size 
for No. 4 and smaller screws, the 4in. 
size for No. 5 to No. 9 screws, the 5 in. 
size for No. 10 to No. 16 screws, and 
the 8 in. size for No. 18 and larger 
screws. 

The size of the screw end of the 
screw driver is very important. The 
screw driver bit should fit the screw 
slot snugly and the blade should be wide 
enough to fill the screw slot endtoend. 

Stubby screw drivers are available 
for working in small spaces. Screw 
drivers may be equipped with a screw 
grasping clip to aid starting a screw. 
The better quality screw drivers have 
strong handles firmly bonded to the 
blade. Plastic handles are very popular. 

An offset screw driver is very 
necessary in refrigeration work as 
there are many places where it is the 
only type that can be used. 
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A hammer should never be used on 
a screw driver. If a screw driver is 
neéded for heavy service, one with a 
solid steel handle may be obtained. 


2-43. VISES 


Sturdy machinist’s vises are quite 
necessary in the shop. The vise is 


particularly convenient for holding 
parts during drilling, filing, or as- 
sembling. 


A pipe vise is also found to be a 
useful shop tool. Always remember to 
use soft jaws when working ona part 
which must not be marred. 

It is especially advisable to have a 
vise large enough to hold most com- 


2-46. A typical straight shank twist drill. 
(Cleveland Twist Drill Co.) 


pressor bodies. A vise that is very 
useful in a large shop installationis a 
special pipe vise that has a hack saw 
blade slot for accurately cutting of 
copper pipe. 


2-44. DRILLS 


Drills are frequently used for in- 
stallation and repair work. Drills are 
available for drilling metal, wood, 
plastics, and masonry. These drills are 
by drill presses, hand electric 
and braces. Drills for drilling 
metal come in three different set- 
sizes; namely, number sizes, letter 
sizes, and fractional sizes. These drills 
are usually of the straight shank type, 
meaning that the drill has a straight 
round section for gripping by a three 
jaw chuck. The size and kind of drillis 
stamped on the shank, Figure 2-46. 


turned 
drills 
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These drills are either high carbon 
steel (least expensive) or high speed 
drills (alloy steel) (H.S.S.), The number 
sizes 1 to 80 vary in size from .2280 
INCH to .0135 INCH. The higher the 
number, the smaller the drill. Letter 
size drills are odd diameter drills of 
over 1/4 inch diameter and vary from 
.234 for the A drill to .413 for the Z 
drill. Fractional size drills vary from 
1/16 in, to 1 in. by 1/69 ofan inch. 

Drills are revolved on the basis of 
cutting speed; the smaller the drill the 
faster it is turned. Most drills have 
two cutting edges called lips. These 
cutting edges must be very sharp, and 
they must have clearance and a rake 
angle, Figure 2-47. 

Drills are provided with flutes which 
remove the chips from the hole. Most 
flutes are spiralled at an angle which 
automatically provides a rake angle for 
the cutting edges. 


2-47. Cones ground twist drill. The clearance angle 
is the angle used for mild steel and cast iron. 


(The Cleveland Twist Drill Co.) 


One must always be sure the drillis 
cutting when it is used because if the 
cutting edges are just rubbing against 
the stock they will quickly heat up and 
the hardness of the drill will be des- 
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troyed. To insure that the drill forms 
the correct sized hole, bothcutting lips 

„must be exactly the same length and 
angle, Figure 2-48, If one lipis longer, 
the hole being drilled will be over- 
size; and if one lip*has a smaller 
angle, it will do all the cutting and will 
soon become dull. 


Various devices are used to turn 
drills. The hand powered drill drives 
are the hand drills, the breast drill 

‘and the automatic or push drill. All of 
| these tools must have a chuck that will 


2-48. The results obtained when a twist drill is incorrectly sharpened. 


hold the drill true. The power drills 
are the electric hand drill, the breast 
electric, and the air powered drills. 
One should always wear safety 
goggles when drilling, either in a drill 
press or with portable drills. All 
electric drills must be grounded for 
| Safety, i.e., the frame of the drill must 
be electrically connected to a good 
ground (a water pipe or a conduit). 


2-45. FASTENING DEVICES 


Many things are made in one piece 
today that were considered impossible 
to fabricate a short time ago. However, 
many mechanisms must still be made of 


59 


SERVICE TOOLS 


several pieces and then assembled. 
Also, if there is motion in the mech- 
anism, such as piston in a cylinder, the 
apparatus must be made oftwo or more 
pieces. 

Many clever ways have been devel- 
oped to fasten multiple pieces together. 
In woodwork pegs, glue, nails, screws, 
have all been used. In metal work, 
soldering, brazing, welding, crimping, 
rivets, bolts, machine screws, pins, 
spring fasteners, force fits have all 
been used with success. 


i. Lips are equal in length but at 
different angles. 2. Lips are at equal angles but are of different lengths. 3. Lips are at different angles and are 
of different lengths. ` 
(Cleveland Twist Drill Co.) 


The assembly device that should 
be used depends first on the kind and 
the condition of the metal and second 
on how frequently the pieces must be 
dismantled. 


If the parts are to be put together 
permanently, riveting, welding, solder- 
ing, and brazing are popular assembly 
devices. 


If the parts must be dismantled 
occasionally, assembly devices are 
used that can be easily removed without 
injuring the parts. Nuts and bolts, cap 
screws, machine screws, and set 
screws are all used for this purpose. 
See Figure 2-49. 
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2-46. MACHINE SCREWS 


Many small parts are assembled 
using specially threaded devices called 
machine screws. These machine 
screws are made of steel, stainless 
steel, brass, monel metal, etc. They 
are available in a variety of head 


2-49. Typical nuts, bolts, and cap screws. 
(Republic Steel Corp.) 


Shapes, such as round head, counter 
sunk or flat head, fillister head, etc. 
Various methods have been used to 
turn these screws, such as the regular 
flat blade screw driver, the allen hex 
drive, the Phillips cross type screw 
driver, etc. See Figure 2-50. 

These machine screws come invar- 
ious diameters, eight in the number 
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2-50. Typical machine screw heads or driving devices. 
l. Round head; 2. Countersunk head; 3. Fillister head; 
4, Phillips head; 5: Allen head. 


sizes, three in the fraction sizes. Each 
size may have either fine or coarse 


Threads per Threads per 
Number Diameter in. (coarse) in. (fine) 


2 086 56 6 
p . 099 48 56 
A SIZ 40 48 
5 11125 40 
6 BDS 32 40 
8 .164 32 36 
10 .190 24 32 
2 .216 2, 28 | 
ie P0 20 28 l 
5/16 B2 18 24 
3/8 oie) 16 2 
2-51. A table of common machine screw sizes. i 
threads; the larger the number, the 


larger the diameter, Figure 2-51, 


2-47. TAPS 


Many assembly devices require the 
use of machine screws or cap screws 
threaded into tapped holes. 

For making internal threads in a' 
hole, a tap is used. The taps are made 
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2-52. A set of taps. |. Bottoming tap; 2. Plug tap; 


3. Taper tap. 
(Greenfield Tap and Die Corp.) 


of hard steel or hard steel alloy,, 
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: Figure 2-52, The taps are accurately 


made with clearance pockets provided 
lor chips; the threads are made with 
small clearance to provide good cutting. 

There are separate taps for each 
size or diameter thread, an also for 
each kind of thread such as National 
Fine (NF), National Coarse (NC), or 
National pipe (NP). Also three types of 
taps are obtainable for each size. They 
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2-53. Tapping. A. Correctly formed threads; B. Tap 

drill too large; C. Tap drill too small; D. Threads are not 

fully formed. The drill removed too much metal; E. The 

extra metal to be removed may be the cause of a 
broken tap. 


¡are the taper tap, the plug tap, and the 


bottoming tap. The most commontapis 
the plug type. 

The shank of the tap is grounded to 
Square shape at the end, and a tap 
wrench is used to turn the tap. Power 
tools can also turn taps, but a special 
tap driving accessory must be used, 

Because tapping is basically a cut- 
ting operation, all the general rules for 
cutting metals apply to tapping. Most 
taps have four cutting edges for each 
thread. These cutting edges must be 
Sharp. They must have a ground cutting 
face, and they must have cuttingclear- 
ance. A coolant and lubricant must be 
used for tapping most metals. 

It is particularly important that the 
hole being tapped be the correct size, 
Figure 2-53, If the hole is oversized, 
the threads will not be full size; and if 


the hole is undersize, the tap must cut 
too much metal and will probably break. 


Tap ap Dri Tap Tap Drill 
4-36 No. 43 14-20 No. 9 
No. 44 No. 10 
No. A3 No. 11 
4-40 3/32 14-24 No. 6 
No. 43 Nos F 
No. 44 No. 8 
4-48 No. 41 1/4-20 No. 5 
No. 42 No. 6 
9-40 No. 37 13/64 
No. 38 Ws 7 
No. 39 No. 8 
544 No. 36 1/4-28 7/32 
Noc SY No. 3 
No. 38 5/16-18 17/64 
6-32 No. 33 G 
No. 34 F 
7/64 5/64, -24, J 
No. 36 I 
6-40 No. 32 3/8-16 O 
No. 33 5/16 
8-32 No, 29 3/8 -24 : 
eyo! 29 Men 3/8 
ae Ha 7/16-20 25/64 
W 
E a = 1/2-13 27/64 
No. 29 1/⁄2-20 29/64 
No. 21 9/16-12 31/64 
No. 22 ?/16-18 33/64 
12-24 Now 15 5/811 17/32 
No. 16 5/8-18 37/64 
No. 17 Ife Pay Be 
19228 3/16 3/4-16 11/16 
No. 13 
Wos lA 
No, 15 


2-54. A table of recommended tap drill sizes. 
(Greenfield Tap and Die Corp.} 


Drill sizes are carefully selected to 
fit the taps, Figure 2-54. They are 
called tap drills. If they are correctly 
used and if the thread onthe round stock 
is correctly cut, the threads will match 
or contact about 75 per cent which is 
considered the correct amount for good 
strength. 

Taper taps are used for starting a 
cut and for tapping thin pieces in which 
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the tapped hole goes all the way through. 
Plug taps are used to do most of the 
cutting in blind holes, while bottoming 
taps are used to cut full thread to the 
bottom of a blind drilled hole. 


2-48. DIES 


Dies are used to cut threads on 
round stock. They make the external 
threads that match the threads cut by 
a tap. Because the tap is non-adjustable, 
the dies are usually made adjustable to 
permit careful fitting the threads to- 
gether. The dies are turned by a die 
stock which is a special tool to hold the 
die and turn it, Figure 2-55. 

There are dies for each type of 
thread and each size. Because they are 
cutting tools just like taps, they too, 
must be made of tool steel; and they 
must be carefully shaped to cut the 
threads correctly. 

To cut threads straight ona piece 
of round stock, special precautions 
should be taken to start the thread 


2-55. An adjustable die and die installed in a die stock. 
{Greenfield Tap and Die Corp.) 


correctly. Guides are available that 
mount in the die stock and closely fit 
the round stock being threaded. They 
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help cut straight threads, Figure 2-56, 
The size of round stock must be 
accurate. Oversized stock (even if itis 
only a few thousands of an inch) might 
break the die. If the stock is under- 
size, the threads will not be full. 
Always use a 1/4 to 1/2 turn and 
then reverse the turning of the die 


2-56. A threading die with guide. 
(Greenfield Tap and Die Corp.) 


stock when cutting threads both with 
the tap and the die. 

Always adjust the die to full open 
position. First cut the threads and then 
adjust the die to cut deeper until the 
thread just matches the tapped thread. 

Taps and dies may also be used ta 
clean threads that are corroded or 
damaged. 


ANNANAN AN 8 


2-57. A pipe thread tap. 
(Greenfield Tap and Die Corp.) 


MATERIALS AND 


2-49. TAP DRILL SIZES 


Before tapping threads in some 
metal, a correct size hole must be 
formed in the metal. The most common 
method is to drill the „hole The drill 
must be very carefully ‘chosen. If the 
drill is too large, the threads will not 
be full size. If the drill is too small, 


2-58. A pipe wrench. 
(Snap-On Tools Corp.) 


the tap will be injured as it attempts to 
cut too much metal. The tap drill should 
be just a little larger in diameter than 
the root diameter of the threads for 
which it is drilling the hole. Generally 
speaking, threads 75 per cent of full 
size are considered satisfactory. Al- 
ways refer to tap-drill size tables for 
the correct sized drill. 


2-50. PIPE FITTINGS AND SIZES 


Air conditioning and refrigeration 
installations use pipe fittings and pipe 
threads extensively. Pipe threads (NP) 
are specially formed V- threads made 
on a conical spiral that permits the 
threads to bind against each other when 
about five (5) threads are threaded into 
each other, Figure 2-57. If the threads 
were not tapered, a gasket or a mach- 
ined shoulder would be necessary to 
provide a leak proof joint. 

Besides being tapered (or ina 
conical spiral), pipe threads are dif- 
ferent from NF and NC threads insize. 
NF and NC sizes are based on the 
maximum diameter or outside di- 
ameter, whereas pipe thread sizes arc 
based on flow diameter, or the diameter 
of the hole in the pipe (inside diameter 
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or ID). For example, a 1/4 pipe has 
close to a 1/4 hole; and when the pipe 
has a 1/8 in. wall thickness, the O.D, 
of the pipe will be 1/2 in. (1/8plus 1/4 
hole plus 1/8), The external threads 
are cut on the pipe witha pipe die which 
is turned by a standard die stock, a 
ratchet die stock or power driven die 
stock, The pipe thread taps (forcutting 
the female or internal threads) are 
turned with a tap wrench. 

Pipe fittings are made with the 
threads already tapped. The most com- 
mon fittings are the coupling, the re- 
ducing coupling, the union, the nipple, 
the 90 elbow, the reducing elbow, the 
45 elbow and the street ell. 

The threads are made Self sealing 
by the pressing of the sharp V- threads 
together as they are threaded, Figure 
2-58, Various compounds are available 
to help seal these threads: white lead, 
red lead, litharge— glycerine mixtures, 
etc. 

A cutting compound should be used 
when cutting pipe threads. The taps and 
dies must be kept in excellent condi- 
tion. 


a=) 


2-59. A assortment of hand tools. 
(Snap-On Tools Corp.) 
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REVIEW QUESTIONS 


. List the fittings to be used when 


connecting a compound gauge 
with 1/8 in. pipe male thread to 
a service valve having 1/4 in. 
pipe female thread. 


. When cutting tubing with a hack- 


saw, what two precautions must 
be taken? 


. What are the S.A.E. thread speci- 


fications of 1/4, 3/8 and 1/2 in. 
tube flare nuts? 


. What is the thickness of refrig- 


eration tubing? Whatis the inside 
diameter of 1/4 in, tubing? 


. What causes copper tubing to 


harden? 


. Why do some service men file 


the end of copper tubing? 
How may an external bending 
spring be easily removed from 
the tubing after bending? 


. Is it sufficient to clean metalfor 


soldering with flux? Why? 


. When soldering, how hot must the 


metal being soldered be? 


. Why must a soldered joint be 


cleaned after soldering? 


. How may one tell when the cor- 


rect silver brazing temperature 
is reached? 

is the 
wrench to use? 


preferred type 


. Should one push or pulla wrench? 
. How may a 45 degree flare sur- 


face be repaired? 


. Describe aneasy way to check the 


accuracy of a thermometer. 


. What is the purpose of a com- 


pound gauge? 


. Why must refrigerant oil be 


practically wax free? 

What is a very important pre- 
caution one must taken when 
filling cylinders? 

What is a double cut file? 

Name the tools in Figure 2-59, 
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2-52. TUBE CONSTRICTOR 


There are many cases whereaser- 
viceman needs to make a soldered or 
brazed joint between two tubes, one 
tube which fits rather loosely inside 
the other. Good practice demands that 
the tubes be as close as .003 in. to 


2-60. A combination tube cutter and constrictor. This 
tool cuts tubing and also enables an oversize tube to 


closely fits the inner tube. 


be constricted until it ver 
This process enables auc and high quality soldered 


or silver brazed P 
[Imperial Brass Mtg. Co.) 


each other. Fig. 2-60 shows a special 
tool used to constrict the outer tube 
until it fits the O.D. of the inner tube. 
Using this tool the serviceman can 


easily solder or braze the joint without ` 


danger of flux getting into the system 
or leaks. 


+ 
~ ` 


: Chapter 3 


COMPRESSION SYSTEM 


: 3-1. LAWS OF REFRIGERATION 


All refrigerating mechanisms are 
designed and built around several basic 
thermal laws: 

1. Fluids absorb heat while chang- 
ing from a liquid state to a 
gaseous state and give up heatin 
changing from a gas to a liquid. 

2. The temperature at which a 
change of state occurs is con- 
stant during the change, but this 
temperature will vary directly 
with the pressure. 

3. Heat will flow only from a body 
at a certain temperature toa 
body at a lower temperature. 

4, In selecting metallic parts ofthe 
cooling and condensing units, 
metals are selected which have 
a high heat conductivity. 

9. Heat energy and other forms of 
energy are mutually convertible. 


3-2. THE COMPRESSION CYCLE 


All compression systems of re- 
frigeration operate on a refrigerant 
sealed in an air-tight and leak-proof 
mechanism, This means that in working 
they repeat over and over the freezing 
and cooling operations. The process of 
repetition of a similar order of things 
is called a cycle. Therefore, all our 
refrigerators operate on what is called 
a cycle, meaning a course of events 
which repeat in the same order. 

In mechanical refrigerationtwo dif- 

ferent cycles have been developed. One 


cycle uses a mechanical compressorto 
compress the gases. The other type is 
called the absorption type and works on 
the principle of temperature and pres- 
sure changes resulting from heat appli- 
cations. The operation of this system 
is explained in Chapter 13. 

The compression cycle is called by 
that name because it isthe compressor 
which enables atransfer of heat energy. 
It is by means of the compressor that 
the refrigerant is able to absorb heat 
in one place and release it in another. 
The compressor is that part of the 
mechanism used to put the heat-laden 
refrigerant in such a condition that it 
may dissipate the heat energy it ab- 
sorbed when it was evaporating at low 
pressure. Because the compression 
machine essentially transfers heat 
from one place to another it may also 
be called a heat engine or a heat pump. 


The fundamental cycle for a re- 
frigerating apparatus consists princi- 
pally of a high pressure side and a low 
pressure side, Figure 3-1, 

The operation of the apparatus isto 
transfer heat from a certain place to 
another place, i. e., fromtheinside ofa 
refrigerator to the outside air, and 
from the water of a water cooler tothe 
outside air. It may be compared toa 
sponge picking up water in one place 
and releasing it in another by pressing 
it. To have a transfer of heat there 
must be a temperature difference and 
to get the temperature differences 
there must be a high pressure side 
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(dissipators) and a low pressure side 
(absorbers). 


THE OPERATION OF THE 
COMPRESSION CYCLE 


3-3. 


Basically (Figure 3-2), the liquid 
evaporates in the cooling unit (1) under 
a low pressure. The pressure willvary 
in popular refrigerators between 29 
inches of vacuum and 13 pounds of 
pressure depending on the refrigerant 
used and the lowtemperature required. 
This allows the evaporation (absorbing 
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3-1. A compression cycle showing the two pressure 
conditions. 


of latent heat) to take place at a low 
temperature, because, as the pressure 
decreases, the boiling or evaporating 
temperature also falls. This heat-laden 
gas then passes through the suction line 
(2) to the compressor (3) which com- 
presses and discharges it into the 
condenser (4) where it cools and gives 
up its latent heat of evaporation under 
a high pressure. Then it converts toa 
liquid and collects inthe liquid receiver 
tank. The liquid line (5) carries the 
liquid refrigerant toa restriction where 
the pressure is reduced. The refriger- 
ant then enters the cooling unit where it 
evaporates and absorbs heat (1) andthe 
suction line (2) carries the gas back to 
the condensing unit. The following parts 


are necessary ina refrigeration cycle: 
(Compressor--driven by a 
( motor 

(Condenser-~heat dissipator 


( 


High 


/ 


EVAPORATOR 


ł CONDENSER | 
Ta 


Ss 


COMPRESSOR 
3 


ae ° 


[m 


3-2. A compression cycle. 
{Hotpoint Co.) 


(Receiver--storage tank 
High ( 
(Liquid line--liquid refrig- 
Pressure ( erant carrier 
(Refrigerant control--pres- 
(sure reducer-restriction 


Side 
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3-3. The behavior of the refrigerant as it changes from a gas to a liquid in a condenser. A. The condition in the 
condenser as the compressor starts. B. The condition in the condenser after a few minutes of operation of the 
compressor. C. The condition in the condenser after a state of scum has been reached. The gas is con- 


densing to a liquid at the same rate that it is being pumpe 


Low (Cooling unit-heat absorber 
( 
Pressure (Motor control-cycling con- 
(trol 
( 
(Suction line--gas refriger- 
( ant carrier 


Side 


The refrigerant control and motorcon- 
trol are used to obtain automatic oper- 
ation. 


3-4. A TYPICAL COMPRESSION 
CYCLE 


The cycle operates as follows: The 
vapors are compressed in the com- 
pressor and passed to the condenser. 
During compression the pressure in- 
creases (due to Boyle’s Law), Fara- 
graph 1-17, and the temperature in- 
creases (explained by Charles’ Law), 
Paragraph 1-26, until the gas tempera- 


ture is greater than the temperature 


of the condenser cooling medium 
(usually air), Heat will now flow from 
the condenser to the cooling medium, 


into the condenser by the compressor. 


allowing the gaseous refrigerant to 
return to the liquid state. 

Because pressure is the sum of the 
molecules bombarding, and because 
temperature is the speed of molecular 


motion, it is necessary to speed up the 
molecules to raise their temperature to 
a level where they can give up their heat 
to surrounding cooling surfaces (air 
or water). 


When the compressor first starts, it 
moves molecules from the low pressure 
side to the high pressure side without 
much difficulty and the molecules are 
not increased very much in speed, 
Figure 3-3. These molecules are moved 
into the condenser through opening 3.in 
A and the temperatures are the same 
(70 degrees F) inside and out. 


As the compressor continues to run, 
more and more gas molecules are mov- 
ed into the condenser 1, Witheachsuc- 
cessive stroke, the pressure increases 
as there are more molecules hitting the 
sides of the container. The compressor 
piston pushing the molecules against the 
higher pressure hits the gas molecules 
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harder raising their speed (tempera- 
ture). 

The pressure and temperature con- 
tinues to rise until the molecules are 
now traveling at such a high speed that 
their temperature is higher than the 
surrounding (ambient temperature). 
This higher level of temperature causes 
a flow of heat to the surrounding metal 
and air. Heat is now being removed 
from the gaseous refrigerant and this 
process continues until all of the gas 
molecules are compressed together and 
until enough heat is removed to cause 
some of the gas molecules to become 
liquid molecules. 


(B) The temperature and pressure 
will continue to rise until a conditionis 
reached whereby as many gas mole- 
cules are condensing into a liquid as 
the compressor can pump into the con- 
denser. 

(C) This is a state of balance. 

However, if anything should change 
this balance the condensing pressure 
and temperature will adjust according- 
ly. For example, if the room were to 


get warmer, the heat, pressure and 
temperature will rise until again just 
as many gas molecules are condensing 
as are being pumped into the condenser. 

After condensing (liquefying) the 
liquid refrigerant is stored inthe liquid 
receiver until needed. From the liquid 
receiver it passes through the high 
pressure liquid line to the expansion 
valve (dry system), to the float needle 
valve (flooded system), or to the capil- 
lary tube refrigerant control, where the 
pressure is reduced to a pressure at 
which the liquid will evaporate at a 
temperature of 5 F., to 10 F. Inevapor- 
ating the liquid in the cooling unit, 
considerable heat is absorbed and re- 
frigeration furnished. After expansion 
and evaporation in the evaporator or 
cooling unit, the gas travels back tothe 
low side of the compressor through the 
suction line. It passes through the in- 
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3-4. The principle of operation of the reciprocating 
compressor. A. cylinder; B. piston; C. intake port; D. 
exhaust port. 


take valve of the compressor into the 
cylinder. Here it is compressed and 
discharged through the exhaust valve 
into the high pressure side where the 
heat absorbed in the cooling unit is re- 
leased. This release of heat causes 
the refrigerant to recondense and it is 
then stored in readiness for a repeti- 
tion of the cycle just described. 


3-5. TYPES OF COMPRESSORS 


There are several different kinds of — 
compressors: 

The piston-cylinder type (Recipro- 
cating). 

The rotating pump type. 

The centrifugal type. 


3-6. RECIPROCATING 
COMPRESSOR 


The reciprocating compressor has 
long been used to pump gases of all 
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3-5. A modern reciprocating compressor. 
(Tecumseh Products Co.) 


types. It is easy to construct, easy to 
service and has excellent wearing qual- 
ities. Even though its parts canbe fitted 
with practical tolerance, it has a high 
| pumping efficiency. 
The compressor basically consists 
of a cylinder with a piston fitting close- 
ly inside. When the piston (B) moves 


downward, Figure 3-4, a vacuum is 
produced in the chamber formed and 
any gas pressure at (C) will rush into 
the chamber and then when the piston 
(B) moves upward the gas will be 
pressed closer together and when its 
pressure is greater than the pressure 
at (D) the gas will flow out this open- 
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ing. Flapper or reed valves prevent 
the gas from backing up. 

The reciprocating or piston type 
compressor is the most common type 
in use. Referring to Figure 3-5, it may 
be seen that this compressor consists 
of a cylinder, crank shaft, piston, con- 
necting rod, cylinder head, intake and 
exhaust valves, servicing valves, fly- 
wheel, crankshaft seal, gaskets, and 
oil. It is a very efficient type of com- 
pressor. Its construction resembles in 
many ways that of the automobile en- 
gine. The cylinders and cylinder heads 
are made of a fine grade of cast iron 
or cast steel and the piston is made 
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of a similar material. The connecting 
rods and crank shaft are usually drop 
forged steel, although some of them 
are made of cast iron. Bronze con- 
necting rods have been used. 

There are several types of crank- 
shafts in use. The most common oneis 
the crank throw type, Figure 3-6. These 
crank shafts are usually made of steel 


3-6. Crank throw-type crankshaft. 


and are case hardened. Some of the 
compressors use the eccentric type of 
crank shaft, in which case the eccentrics 
are made of cast iron as are also the 
connecting rods, Figure 3-7. An ec- 
centric type crankshaft is permissible 
in a refrigerating compressor because 
of the low bearing loads encountered. 
This eccentric construction reduces the 
vibration of the compressor when run- 
ning, inasmuch as the eccentric is a 


3-7. An eccentric-type crankshaft. 


more balanced type of construction than 
the crank throw type of crankshaft. 
These eccentrics are usually made of 
cast iron and are fastened to the steel 
crankshaft proper by means of a locking 
screw. Basically, aneccentric consists 
of a cast iron disk placed off-centeron 
the crankshaft. Many flywheels are 
given an unbalance and are so placed 
on the crankshaft that the flywheel un- 
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balance neutralizes the unbalance of 
the crankshaft. 
In some compressors, the crank- 


shaft and connecting rod is replaced ` 


with a scotch yoke mechanism. In this 
mechanism the piston is not fitted with 
an articulating connecting rod, but 
rather this piston extends tothe crank- 
shaft and is connected to it by means 
of a sliding member which attaches to 
both the piston and the crankshaft, Fig- 
ure 3-8. This mechanism is used on 
several of the small high speed direct 
drive hermetic compressors. 


3-8. A scotch yoke mechanism. The crank pin is in- 

serted into one member in the lower end of the piston 

which slides back and forth as the crank revolves and 

transfers the rotary motion of the crank into reciprocat- 
ing motion of the piston. 


Where thecrankshaft comes through 
the crankcase to connect to the fly- 
wheel, a leak-proof joint or seal must 
be maintained. This seal must hold 
under all pressure conditions, and must 


withstand these pressures whether the - 


crankshaft is stationary or revolving. 
The seal consists essentially of a 


bellows and revolving sealing surface, © 


The bellows consists of a corrugated 
thin brass tube soldered to a ring of 
bronze and graphite at one end and to 
a flange at the other. The flange is 


fastened to the crankcase with a gasket | 


between the two, while a spring presses 
the ring mounted on the otherend of the 
bellows against a shoulder onthe crank- 
shaft. The two surfaces are perfectly 
smooth and under the 35-45 pound 
spring pressure, if lubricated with a 
little compressor oil, will stand most 
of the pressures encountered in a 
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normal system. This seal is called the 
stationary bellows seal. Seals of this 
kind have been known to stay in service 
many years and still give good service, 
Figure 3-9. Another seal construction 
attaches the gasket and bellows to the 
crankshaft. As the crankstiaft revolves, 
ithe ring on the bellows will rubagainst 
a flat, smooth disk mounted on the 
crankcase. 
The compressor valves are usually 
made of thin steel disks. These disks 
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3-9. A crankshaft seal. 


‘seat against shoulders constructed into 
the valve plate. Some designs use 
springs to keep the valve in place, 
while others use the pressure dif- 
ferences and the weight of the disk to 
do this. Figure 3-10. 


Pop aR 


3-10. Some typical compressor valve designs. 


The flywheels are usually made of 
cast iron with a grooved periphery to 
fit a V-belt and are often fastened to the 
crankshaft by means of atapered shaft, 
a Woodruff key, and a lock nut. Some 
flywheels are fabricated from stamped 
steel parts with the spokes formed into 
fan blades. 

Because the temperatures ina re- 
frigerating unit rarely exceed 175 F., 
very small clearances may be used 
between all the moving parts of the unit. 
Clearances of .0001 in, are very com- 
mon, This clearance is so little that 
some manufacturers do not find it 
necessary to use piston rings on their 
pistons, as this clearance will not allow 
the pressures to force much gas past 
the piston. The purpose of the piston 
is to compress the gas admitted into 
the cylinder chamber into the high 
pressure side. The piston is designed 
to come as close as possible to the 
cylinder head without touching it in 
order to press practically all the gas 
into the high pressure side. This clear- 
ance between the pistonand the cylinder 
head when the piston is at upper dead 
center is approximately .010 in. to 
.020 in. The maximum lift allowed the 
valves without permitting them to be- 
come noisy is approximately .010in. for 
both the intake and exhaust valves. 

The parts are usually bolted to- 
gether and sealed by means of either 
paper or lead gaskets. The special 
paper gaskets must be dehydrated 
(completely freed from moisture) be- 
fore use in connection with most re- 
frigerants and must be rubber free, 
The oil used varies with the refriger- 
ants but dehydrated mineral oil isvery 
good for practically all of them. 


3-7. ROTARY COMPRESSOR 


Another very popular type of com- 
pressor is the rotary type. This has 
some distinct advantages as far as 
vibration and moving parts are con- 
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3-11. 


cerned. The materials of construction 
are very similar to those of the re- 
ciprocating pump, but its operation is 
different. Its fundamental purpose is 
identical, for it takes the low tem- 
perature, low pressure gas, and con- 
verts it into a high temperature, high 
pressure gas, but the pumping effectis 
produced by a rotary motion rather than 
a reciprocating motion. This pump is 
illustrated in Figure 3-11. There are 
two principal types of rotary com- 
pressors; one uses sealing blades that 
rotate with the shaft, and the other has 
a blade stationary, but the blade has a 
rubbing contact against the rotating 
shaft, Figure 3-12. 

The operation ofthe stationary blade 
type is as follows: The shaft rotates in 
a chamber so the eccentric onthe shaft 
or the enlargement of the shaft rubs 
constantly against the outer wallofthis 
chamber. As the rotor turns around in 
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A rotary compressor. i 


this chamber, the blade imprisons 
quantities of gas whichare compresseci 
into a smaller space, building up the 
pressure and temperature and finally 
forcing the gas into the high pressure 
side of the system. i 

In the rotating blade type, (Figure 
3-11), the low pressure gas is im 
prisoned between two blades as thi 
blades rub against the wallof the cylini 
der due to centrifugal force. When thr 
rotor revolves (contra-clockwise i 
this case) the low pressure gas ii 
gradually compressed into a high tem: 
perature, high pressure condition. Af 
the gas, now occupying very littl 
space, comes opposite the opening (D) 
it passes into the high pressure dom 
because it cannot go through the poir: 
of contact between the rotor and the 
housing, labeled ‘‘X.’’ The small clear 
ance at this point (.0001 in.) plus th 
presence of lubricating oil makes th 
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joint pressure tight. The gas cannot 
back up because of the rotating blade 
following it. Note that this compressor 
uses no eccentric, but that the housing 
is mounted off-center enough to allow 
the rotor almost to ‘rub. against the 
housing at a point between the intake 
and exhaust ports. 

Rotary compressors occasionally 
use check valves to prevent the high 
pressure gas from slowly flowing back 
| into the cooling coil. 


| 3-8. CENTRIFUGAL COMPRESSOR 


The centrifugal type compressor is 
used extensively in large air condi- 
tioning installations. This compressor 

_ operates on the principle of increasing 
the pressure by rapidly revolving cir- 
cular impellers connected in multiple 
stages. Several of these impellers are 
mounted in series in one housing and 

| are usually directly driven by a motor 
|l or steam turbine, Figure 3-13. Re- 

_frigerants used with this type of com- 

i| pressor possess the ability to function 

‘| with a low pressure difference between 

ii the high pressure and low pressure 

sides. Refrigerants such as water, 

‘| methyl formate, Freon F-11, etc., are 
frequently used in this type ofinstalla- 

‘| tion. 

y 

: 3-9. MISCELLANEOUS TYPES OF 

+ | COMPRESSORS 

iY 


" 
b 


' 


Several ingenious types of refrig- 
i eration compressors have been design- 
», ed and used. The gear compressor is 
y| one type that was tried but found to be 
| impractical due to the extremely fine 
j| tolerances needed to maintain pumping 
s| efficiency. This compressor uses two 
{| Spin gears, one is driven and it is in 
y| mesh with the other. As the gears 
»| revolve the gas is carried around the 
‘| periphery of the gears and then when 


b) the gears mesh the gas is forced out of 
} 


| 


the space between the teeth and out the 
exhaust. 

Another type compressor which has 
not been successful to date because 
materials have not been found that are 
durable enough, is the diaphragm type 
compressor. A crank or a cam pushes 
a diaphragm, and as it closes in the 
space gas is forced into the condenser. 
When the diaphragm is moved out, the 
space is filled with low pressure gas. 


Fi@-2. 
CYLINDER FULL OF GAS COMPRESSION STARTED AND 


AT START OF COMPRESSION, 


FIG,-3. 


DISCHARGE AND SUCTION 
STROKES HALF COMPLETED. 


DISCHARGE VALVE OPEN 
ON COMPRESSION STROKE. 


DISCHARGE AND SUCTION 
STROKES COMPLETED. 


3-12. A stationary blade type rotary compressor. 
(Norge Sales Corp.) 


3-10. THE CONDENSER 
The condenser is usually made of 


copper or steel tubing upon which 
fins have been fixed to assist the 
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3-13. A centrifugal compressor used in large air conditioning installations. 


(Carrier Corp.) 


rapid radiation of heat, or it may be 
water-cooled. For domestic use it is 
usually air-cooled by forcing air over 
the fins by means of a fan attached to 
the electric motor, Figure 3-14, 
There are several types of con- 
densers in use. The smaller refrigera-~ 
tors use what is called a static con- 


3-14. Two typical air-cooled condensers. A. The flat coil IES A SCS condenser (plate). 
type; B. The spiral type. (Houdaile Hershey Co.) 
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denser. This type consists of two plates 
of metal with refrigerant passages 
stamped in them or of tubing with or 
without fins. The condensers are cooled 


by air passing over the surfaces by. 


natural convection, Figtire 3-15. A firm 
shroud is usually placed around the 
lcondenser to improve the air flow 
\(chimney effect). As the unit size in- 
.creases, the static condenser becomes 
too bulky and cumbersome. A forced 
‘convection condenser is then used. This 
condenser uses a fan, a fan motor, 
finned tubing, and a shroud around the 


TO CHILLING UNIT 


FROM CONDENSER 


A B 


| 


3-16. Liquid receivers. A. The vertical type; B. The 
| horizontal type. 


fan and the condenser to improve the 
air circulation. Although many of the 
/condensers are made of copper, both 
steel and aluminum tubing have been 
| successfully used. Fins attached to the 
tubes increase their surface and assist 
in cooling the condenser, Lint and dust 
imust be removed from condensers 
regularly or it will interfere with pro- 
per cooling. 


3-11. THE LIQUID RECEIVER 

| The liquid receiveris a storage tank 
‘installed for servicing purposes and 
also for taking care of variations inthe 
amount of liquid refrigerant in some 
Systems, Figure 3-16. An excess of 
‘refrigerant is always stored in the 
liquid receiver, and when the mechan- 


ism is taken apart the service man 


usually stores all the refrigerantinthe 
liquid receiver. 

These liquid receivers are most 
commonly made of drawn steel shells 
welded together. Occasionally one will 
find a liquid receiver made of a cast 
material or built into the condenser; 
that is, the bottom tubes of the con- 
denser form the liquid receiver. Prac- 
tically all liquid receivers are fur- 
nished with service valves by means of 
which the opening to the liquid line is 
controlled. A screen of fine copper 
mesh is usually found in the outlets of 
these liquid receivers in order to stop 
any particles of foreign substances 
from entering the refrigerant control 
valves. 

Liquid receivers are found onprac- 
tically all systems that use the float 
controls and the expansion valves. 
Capillary tube systems, because all the 
liquid refrigerant is stored inthe cool- 
ing unit during the off part ofthecycle, 
do not use a liquid receiver. The 
greater use of hermetic systems and 
capillary tube refrigerant controls has 
eliminated much of the need for liquid 
receivers in domestic. systems. 
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3-17. An expansion valve. 
(Detroit Controls Corp.} 


3-12. EVAPORATOR OR COOLING 
UNIT 


The liquid is now led through the 
liquid line (high pressure) to the cool- 
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ing unit where it is reduced to a low 
evaporating pressure by means of an 
expansion valve (dry system) Figure 
3-17, a float needle valve (flooded 
system) Figure 3-18, or a capillary 
tube. This low pressure results ina low 
boiling or evaporating temperature for 
the refrigerant with the result that it 
evaporates and absorbs considerable 
heat. This heat is obtained from inside 
the box. 

The evaporated refrigerant now 
passes through the return or lowpres- 
sure tube (suction line), whichis usually 
larger than the liquid line or high 
pressure tube, back to the inlet of the 
compressor. 

All of the connections, mechanical, 
soldered, or brazed, must be very 


3. Capillary tube. 
4. Low side float. 
5. High side float. 


If an expansion valve is used, the 
cooling unit consists of a coil of tubing. 
The thermostatic expansion valve is 


popular in commercial refrigerationas 


it can be used in multiple systems, it 
is adjustable andittakes up yery little 
space, 


When a low side float control is | 


used, the cooling unit consists ofa tank 
out of which run very short lengths of 
tubing. The tank, of course, contains 
the float mechanism as illustrated in 
Figure 3-18, Note that the mechanism 
holding the float, called a header, is 
bolted to the cooling coil and also that 


3-18. A low side float refrigerant control and cooling unit. 


carefully made to eliminate any 
possibility of a leak throughout the 
entire system. 

Cooling units have been made in 
three different styles depending mainly 
upon the type of refrigerant control 
that is used in conjunction with them. 
There are five principal types of re- 
frigerant controls: 

1, Automatic expansion valve. 

2. Thermostatic expansion valve. 


shut-off valves are usually used on 
these float chambers. 

If it is a high side float or capillary 
refrigerant control, the cooling unit 
may be either a cast tank ora series of 


coils which will provide anevaporating . 


surface for the refrigerant. 

Some of the older style cooling coils 
used a fabricated sheet copper brine 
tank in which the cooling unit tray 
holders were constructed. The refrig- 
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_erant flowed through copper coils sub- 
merged in the brine. The present 
tendency is to fabricate these units out 
‘of steel shells or aluminum welded 


together. The steel units are finished. 


with porcelain on the’ outerysurface. 
Lead gaskets are usually used wher- 
lever a joint needs to be sealed. 

A recent development in cooling 
coils has brought forward the shell 


3-19. A shell type cooling coil. 
(Houdaille-Hershey Co.) 


Epe aluminum plate coil. This cooling 
coil has the refrigerant passages form- 
ed as part of the coil in its manu- 
facture, Figure 3-19, 


3-13. THE AUTOMATIC 
EXPANSION VALVE 


The dry system previously men- 
‘tioned is that cycle where the refrig- 
¿erant when passing from the liquid 
‘line to the evaporator is controlled by 
an expansion valve with a manual 
adjustment. That is, as the pressure 
decreases on the low side, the expan- 
| Sion valve opens and more refrigerant 
escapes into the evaporating coils 
where it absorbs heat upon evaporating 
on the low pressure side. The valve 
maintains a constant pressure in the 
cooling coil whenthe systemis running. 
This system operates independently of 
the amount of refrigerant inthe system, 
Figure 3-20 shows an old type direct 
expansion system cooling unit. 


This type of dry system is slightly 
more expensive and is used ininstalla- 
tions where a saving of space is an 
important factor. 

The expansion valve is, therefore, 
one of the division points between the 
high and low pressure: sides of the 
system. See Chapter 5 for a detailed 
explanation of expansion valves. 
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3-20. An old type dry cooling unit using an automatic 
expansion valve and brine tank. 
(Kelvinator Div., American Motors Corp.) 


3-14. THE THERMOSTATIC 
EXPANSION VALVE 


Many units, especially commercial 
ones, are equipped with an improved 
expansion valve called the thermostatic 
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expansion valve. This valve has a 
sensitive bulb located at the outlet of 
the cooling unit. When this bulb is 
cooled, the contraction of the fluid init 
causes the diaphragm or bellows that it 
is connected to, to contract, Figure 
3-21, 

This diaphragm or bellows is con- 
nected to the expansion valve needle and 
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3-21. 


A thermostatic expansion valve. 
(Detroit Controls Corp.) 


will tend to close it. This addition of a 
thermo-sensitive mechanism to the 
valve enables the coil to fill more 
quickly and permits more efficient 
cooling. The thermostatic expansion 
valve operates to keep the cooling coil 
full of liquid refrigerant when the sys- 
tem is running. See Chapter 5 for a 
more detailed explanation of its func- 
tion. 


3-15. CAPILLARY TUBE OR 
CHOKE TUBE 


Another method of throttling the 
high pressure liquid to a low evapora- 
ting pressure is to use a long length of 
small diameter tube. This tube reduces 
the pressure due to the resistance to 
flow of refrigerant through the length 
of the small tubing. The tube is usually 
about 1/8 in. in diameter outside. It has 
a variety of inside diameters and is 
placed between the liquid line and the 
cooling coil. This inside diameter 
varies, depending upon the refrigerant, 
the capacity of the unit, and the length 
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3-22. A capillary tube refrigerant control. 
(Wabash Corp.) 


of the line. The Rice Company was the 
originator of the capillary tube refrig-' 
erant control and built a conventional 
refrigerator using the capillary tube, 
An illustration of the capillary tube may 
be found in Figure 3-22. ` 

The capillary tube operates on the, 
principle of restriction, It operates on 
the pressure differences between the 
high pressure side and the low pres- 
sure side. A tube is chosen that will 
allow just enough liquid through it to 
make up for the amount that is vapor- 
ized in the cooling unit as the com- 
pressor operates. It thus reduces the 
liquid refrigerant from its high pres- 
sure to the evaporating pressure. 
Actually there is no change tothe liquid 
except a slight drop in pressure for 
about the first two-thirds of the length 
of the capillary tube. Then the liquic: 
starts to change to gas and by the time: 
the refrigerant reaches the end of the 
tube about 10 to 20 per cent of it has 
turned to gas. The increased volume of 
the gas causes most of the pressure 
drop to occur in the latter end of the, 
tube. Because there is no shut-off 
valve, the pressures tend to equalize 
as the liquid refrigerant in the con- 
denser moves into the cooling coil 
during the off part of the cycle. This 
equalizing of the pressure permits 
easier starting of the compressor. It, 
also means that the system must not 
have an overcharge of refrigerant as 
the extra refrigerant would tend to fill 
the cooling unit too full. 


THE COMPRESSION SYSTEM 


3-16. LOW PRESSURE SIDE FLOAT 
CONTROL (FLOODED) 


> 
Another type of refrigeration cycle 
is the flooded system, which varies 
only from the dry system inthat the 
evaporating coil is flooded with re- 
trigerant and the amount of the re- 
frigerant is controlled by a float valve. 
It functions as follows: As heat is 
‘absorbed by the refrigerant inthe cool- 
d s 
ng unit, it evaporates and consequently 


‘the liquid level falls, which naturally 


‘causes a lowering of the float. As the 
Float lowers, it opens the needle valve 
connected to it, which allows more liq- 
daid to enter from the high pressure 
‘liquid line taking the place of the 


O liquid. This makes a very 


3-23. A low pressure side float. 


j 


simple unit with the one disadvantage 
of needing more refrigerant than the 
dry system. Figure 3-23 illustrates the 
exterior appearance of a flooded cooling 
unit, and the interior construction. The 
motor control is operated the same is 
in the direct expansion system type, but 
uses either a temperature or pressure 
control switch. 

| Take particular note of the lever 
mechanism and the oil layer over the 
refrigerant. This float control operates 


by maintaining a constant level of liquid 
refrigerant on the low pressure side. 


3-17. HIGH PRESSURE SIDE FLOAT 
CONTROL (FLOODED) 


This system uses a float located in 
the liquid receiver tank or in an 
auxilliary chamber inthe high pressure 
side. It operates as follows: When 
enough liquefied refrigerant has col- 
lected in the float chamber, the float 
will rise enough to open the needle valve 
and admit the liquid into the low pres- 
sure side or cooling unit. The float 
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3-24. A high side float refrigerant control. A. Con- 
densed liquid inlet; B. Liquid outlet; C. Liquid level; 
D. Float; E. Needle and orifice. 


controls the level of liquid refrigerant 
on the high pressure side. The amount 
of refrigerant in the system must be 
carefully regulated to allow the cooling 
unit to have the correct amount of 
refrigerant and to operate correctly. 
See Figure 3-24, Any extra refrigerant 
in the system will be stored in the 
cooling coil and may over fill it. Any 
leak of refrigerant will cause a lack of 
refrigerant in the cooling coil. Chapter 
5 describes in detail the high side 
refrigerant control. 


3-18. MOTORS 


The driving mechanism or the 
source of power for these refrigeration 
units is usually an electric motor. 
Small gasoline engines have also been 
used for this purpose. These electric 
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motors are of a very sturdy con- 
struction and are designed to furnish 
high starting power. To insure quiet- 
ness, these motors are mounted on 
rubber or springs, Figure 3-25. 

The motors are made intwo general 
types. Open or conventional units use 
an open motor using a pulley and a 
belt to drive the compressor through a 
flywheel. These motors are mounted on 
a 1/2 or 5/8 in. diameter shaft. The 
motors usually have bearings that need 
oiling once or twice a year. They must 
be carefully mounted to alignthe pulley 
with the flywheel and to have the proper 
belt tightness. 

The other type (hermetic) motor 
drives the compressor directly. These 
motors are mounted under the same 
sealing dome as the compressor and 
are called hermetic motors. These 


3-25. An electric motor. This is a rigid mount capaci- 
tor motor. The capacitor is in the housing mounted on 
top of the frame. The centrifugal switch is mounted in 
the right end and is operated by the centrifugal weights 
on the rotor. 
(The Century Electric Mfg. Co.) 


motors usually run at 1750 R.P.M. and 
are oiled by the same oil as the com- 
pressor. Because arcing would deter- 
iorate the oil and the refrigerant, these 
motors do not use brushes or open 
points inside the dome, Figure 3-26. 


The position of open unit motors is 
adjustable to facilitate belt adjustment 
The size of these motors varies be-i 
tween 1/8 H.P. and 1/3 H.P. forl 
domestic refrigeration, with the 1/€} 
H.P. and 1/6 H.P. motors predomina- 
ting. Chapter 7 explains the construc- 
tion of these motors in greater detail. 


3-26. A hermetic electric motor stator and rotor. The 
rotor is mounted directly on the compressor crankshaft. 
(The Emerson Electric Mfg. Co.) 


3-19. MOTOR CONTROLS 


Practically all automatic electric: 
refrigerators are ‘designed to have! 
excess capacity and, therefore, under. 
normal usage need not run allthe time.. 
In the older styles of refrigerators, the! 
compressor would run approximately 
one hour and then be idle about two 
hours if the running temperature were. 
normal. Designers have gradually re- 
duced this cycling time until at present, 
the mechanism runs approximately five ` 
to ten minutes and remains idle ten to ` 
twenty minutes. The total running time 
per day remains approximately the | 
same; and under normal running tem- © 
perature conditions, it is eight to ten 
hours out of the twenty-four. | 

There are two principal types of 
motor controls used to turn the motors 
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on and off in order to obtain correct 
refrigeration: Many older units used a 
pressure type of motor control designed 
o shut off the electrical power when the 
low side pressure of the system, cor- 
responding to the temperaturedesired, 
indicated that the cabinet was cool 
nough. It then turned the current on 
when the pressure had risen to a pre- 
determined pressure corresponding to 
the allowable temperature rise in the 
box. This pressure control was used 
with the low side float systems or 
multiple systems and was used fre- 
Bpently in commercial systems. 

The most popular type of motor 
control is the thermostatic control 
which turns the motor off when the 
cooling unit gets sufficiently cool, and 
turns it on again when the cooling coil 
has warmed up 8-10 F., Figure 3-27. 

The thermostatic control consists of 
a bulb connected by a capillary tube to 
ta diaphragm or abellows. This element 
is charged with a volatile fluid which 
‘will build up pressure when the bulb 
becomes warmer and will decrease in 
‘pressure when the bulb gets cooler. 

) As the bulb pressure increases, the 
diaphragm will move out and if the 
‘diaphragm is connected to a toggle or 
‘snap action switch, it will turn this 
‘Switch on (close the circuit). Then as 
the bulb cools and the diaphragm or 
bellows moves in, the toggle switch 
‘will snap open. These controls have 
adjustments that permit variations in 
i operating temperatures. Many of these 
controls have a manual switch to permit 
“Shutting off or turning onthe refrigera- 
‘tor at will. Sometimes they also include 
an overload protector which will open 
‚the switch if the unit draws too much 
„electricity (current). An adjustable 
_knob enables the owner to change the 
, thermostat operating temperatures to 
meet different operating conditions. 
| These thermostats are also connected 
, to timers and can be used to automati- 
cally defrost the cooling coil. 
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The student should keep in mind the 
fact that the pressure of the refriger- 
ant in the system varies with the tem- 
perature; therefore, temperature may 
be indicated by pressure. This permits 
the use of pressures to control tem- 
peratures. See Chapter 5 for more 
details on controls. 


3-20. REFRIGERANT LINES 


Copper tubing is commonly used to 
carry the liquid refrigerant from the 
condenser to the cooling unit and also to 
carry the refrigerant gas from the 
cooling unit to the compressor. Tubing 
made of steel is often used indomestic 
units. These lines are mounted in back 
of the refrigerator cabinet or are 
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3-27. A temperature motor control. 
(Cutler-Hammer Ine.) 


hidden behind the breaker strip at the 
refrigerator door jam (frame). The 
lines are connected by flare connec- 
tions, or, are fastened by soldering or 
brazing. It is important that these lines 
be kept from being pinched or from 
being buckled. They must also be sup- 
ported to prevent their wearing or 
breaking from vibration. 
3-21. SERVICE VALVES 

All units have some means to enable 
the service man to mount gauges onthe 
system or to check pressures and to put 
in or take out refrigerant or oil. Some 
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of the older units had as many as five 
valves, although three valves are more 
common, The more recent models use 
one valve attachment only. 


3-22. SUMMARY 


There are many compression cycle 
designs. There must be a compressor, 
a means to drive this compressor, a 
condenser, a refrigerant control, a 
cooling unit, and a means to turn the 
motor off and on automatically. 


3-23. REVIEW QUESTIONS 


The answers to these questions will 

be 

1. How many laws of refrigeration 

are considered in refrigeration 
work? 

2. Name the eight important parts 
found in all compression cycle 
refrigerators. 

3. Name the main parts commonly 
located in the low pressure side. 

4, Name the main parts commonly 
located in the high pressure side. 

3. Name fourtypes of compressors. 

6. What kind of condensing units do 
not uSe a crankshaft seal? 

7. Why does a gas rise in tem- 
perature as it is being com- 
pressed? 

8. Why are check valves usedinthe 
suction line onsome rotary com- 
pressors ? 

9. Why should condensers be clean- 
ed occasionally? 


found in Paragraph 3-24, page 722. 
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10, 


11. 


127 


13. 


14, 


We 


16. 


17, 


18, 


noe 


20, 


aie 


22, 


23. 


24, 


25. 


What name is applied to the type 
of cooling coil that uses an ex- | 
pansion valve? 

What control determines the re- 
frigerator cabinet temperature? 
Name five types of refrigerant 
controls. 

What advantage does an eccentric 
crankshaft have over a crank. 
throw type? 

How much clearance is allowed 
between the piston and thecylin- 
der on small compressors? 
What is the size of the com- 
pression chamber when the pis- 
ton is at upper dead center? 

How much lift is allowed the in- 
take and exhaust valves? 

The low side float maintains a 
constant on the 
low side. 
The automatic expansion valve 
maintains a constant j 
on the low side when the unit is 
running. 

The high side float maintains a 
constant ? . 
What is the purpose of the crank- © 
shaft seal? ; 
Another word for ‘‘evaporation’’’ 
of a liquid is : 

Of what material are the re-.: 
frigerant lines made? f, 
How does a capillary tube reduce l 
the pressure? 
When does the condensing pres- l 
sure stop rising? l 
What basic conditions are neces- 
sary to produce refrigeration? 
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i Chapter 4 
~ — COMPRESSOR 
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CONSTRUCTION 


The heart of the compressor system 
is the pump or compressor. This pump 
‘is the device to raise the termperature 
of the evaporated gas by compression 
until its temperature is above the tem- 
perature of the cooling medium sur- 
‘rounding the condenser. 

It is basically a gas pump and 
differs from liquid pumps. Itis similar 
in many ways to an air compressor or 
even a gasoline engine. It must move 
quantities of gas at the least possible 
cost. The following paragraphs des- 
cribe the various compressors that are 
the result of fifty or more years of 
engineering development. 


4-1. PURPOSE OF COMPRESSOR 


A compressor is like a heat engine 
operating in reverse. It is drawn by an 
electric motor which supplies the 
mechanical energy. It compresses the 
gas molecules until they have reacheda 
sufficiently high temperature so heat 

begins to flow from these gases intothe 
cooling medium (air or water). 

As the compressors continue to 
Operate the surplus rate of flow of 
compressed gas from the low side to 
the high side continues until a balance 
is reached with the rate of condensation 
of refrigerant on the high side and the 
high side pressure remains quite con- 
stant. 

The compressor, a pump, must do 
this pumping with a minimum of lossin 
leakage or friction. The compressor 


must be made durable enough to pump 
efficiently for thousands of hours of 
running. 


4-2. TYPES OF COMPRESSORS 


Many types of compressors have 
been designed, built and used. How- 
ever, there are three types success- 
fully used at the present time. These 
types are: 

1. The reciprocating compressor 

2. The rotary compressor 

3. The centrifugal compressor 

The reciprocating compressor is 
the most common. Its simplicity of 
manufacture, its durability andits ease 
of maintenance make it a very popular 
choice for a refrigerator pump. The 
rotary compressor is more compact 
and can be used with fair efficiency at 
high speeds, but very close manu- 
facturing tolerances are required. 
However, millions of these rotary com- 
pressors have been built, and they have 
performed very well. The centrifugal 
compressor is only used at present in 
very large sizes. 


4-3. COMPRESSOR EFFICIENCY 


All of the mechanical energy put 
into a compressor should be used to 
move or pump gas. If any of the pumped 
gas backs through into the compressor 
on its return or suction stroke, energy 
is wasted. Likewise, if energy is used 
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to overcome friction or inertia of the 
parts, the compressor cannot be 100% 
efficient. All compressors have fric- 
tional losses. If the compressor is run 
with the inlet valves closed so the 
compressor does not pump any gas, 
the power needed to turn the com- 
pressor is power needed to overcome 
friction only. All compressors have 
frictional losses. The volumetric ef- 
ficiency of a compressor is the actual 
volume of gas pumped divided by the 
calculated volume. It should pump 100% 
efficiency. If the compressor should 
pump 10 cu. in. of gas on each revolu- 
tion or stroke (this is called the piston 
displacement) but it only pumps 6 cu. 
in., then the volumetric efficiency of the 
pump is 60% (6/10), 

The volumetric efficiency must be 
as high as possible. Several factors 
affect the volumetric efficiency. First, 
if the head pressure or the pressure 
the compressor must pump against, 
increases, the amount pumped per 
stroke will decrease. Second, ifthe low 
side pressure decreases, it is harder 
for the gases to fill the cylinder, and 
the amount pumped per stroke will 
decrease. Third, ifthe clearance pocket 
is enlarged, the amount pumped per 
stroke will decrease. The clearance 
pocket is the space left in the cylinder 
when the roller or piston is at the end 
of its pumping stroke, Figure 4-1, 


4-4. RECIPROCATING COMPRESSORS 


The piston-cylinder type of com- 
pressor is known as the reciprocating 
compressor. To reciprocate means to 
move to and fro, or back and forthina 
straight line. The original compressors 
were of the reciprocating type. To com- 
press the charge of gas ina recipro- 
cating-type compressor, a plunger or 
piston is moved into a hollow cylinder 
or cylinders and the gas is compressed 
and moved through any opening pro- 
vided. Then as the piston moves out of 
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the cylinder, a void is created (or 
partial vacuum), A new charge of gas 
rushes into this space, and it in turnis 
compressed and moved into the con- 
denser. Because the original source of 
pumping energy is usually an electric 
motor which has rotary motion only, a 
mechanism must be made tochange the 
rotary motion to reciprocating motion, 
This change is usually accomplished by 
means of a crank and a rod connecting 


ace formed between the head o: 

inder head. A. indicates the clea 

ance space. Note the valve plate which holds the intak. 
and exhaust valve. 


4-1. The clearance p 
the piston and the cy 


the crank to the piston. The complete 
mechanism is housed in a leak-prooi 
container called a crank case. 

There are many types of recipro- 
cating compressors. The most common 
classification is by the number of 
cylinders. Most refrigeration com- 
pressors are of the single or one 
cylinder type, but some two cylinder 
models are in use. They run more 
smoothly and are more compact. These’ 
compressors have also been made in 
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| three, four, five, six, seven cylinder 

| models and even more. 

i The cylinder arrangement is 

“another method of classifying com- 

| pressors: vertical single, horizontal 
| single, 45 degree single (inclined), 
, verticle two cylinder, “V- type two 
| cylinder. W- type three cylinder, radial 
‘three cylinder, vertical four cylinder, 
į V- type four cylinder, etc., have all 
| been manufactured and used. 


4-5. CYLINDER CONSTRUCTION 


Cylinders of the compressors are 
usually made of cast iron. The cast 
iron must be dense enough to prevent 
the seepage of refrigerant through it. 
A small amount of nickel is usually 
added to produce the required density. 
The castings must be thoroughly aged 
-before machining to prevent any war- 
page after the finishing operations. The 
smaller compressors usually have fins 
cast integral with the cylinders topro- 
vide better cooling. The larger com- 
pressors have water jackets surround- 
ing the cylinders for cooling. Some 
compressors are built with a cylinder 
liner which may be replaced after it has 
worn. 
It is quite common to find part of the 
crank case as a part of the same 
T Bee sting as the cylinder. This practice 
| minimizes the joints and therefore the 
Brossibility of leaks. It also permits very 
close alignment between the crankshaft 
main bearings and the cylinder. 
r The assembly devices that thread 
j|into the cylinder usually have national 
|coarse threads due to their greater 
„| strength in cast iron. 
| The cylinder bore in which the pis- 
j ton travels must be made extemely 
„| accurate. It is usually made by first 
, boring, and then it is finished by honing 
and lapping. Some companies then lap 
the piston and the cylinder together 


j 
t 
, to form a matched set. Some of the 
i| Smaller cylinders (1 in. in diameter, 


approximately) have tolerances varying 
between one ten thousandths (.0001) and 
one hundred thousandths of an inch 
(.00001), 


4-6. PISTON CONSTRUCTION 


The pistons are usually made of cast 
iron, The pistons are accurately mach- 
ined and ground on their outer surface 
to fit the cylinders. The piston must 
have drilled and reamed holes to fit the 
piston pin or wrist pin. This pin is the 
means used to fasten the connecting 
rod to the piston. 

The smaller pistons (1 1/2 or less) 
have oil grooves around their peri- 
phery (outside) of the piston while the 
larger pistons have grooves machined 
in them for piston rings. 

Because the piston and cylinder 
temperatures seldom exceed 200 F., 
all the parts can be fitted together 
with very little clearance. Approxi- 
mately .0002 in. should be allowed for 
each inch diameter of the piston. How- 
ever, the larger pistons which use 
piston rings usually are fitted with a 
little more than this clearance. It is 
very important to rigidly follow the 
manufacturer's specifications when one 
inspects and repairs a compressor. 

The piston rings are usually made of 
cast iron although some bronze rings 
have been used. The rings are fitted to 
the groove as closely as possible and 
still allow movement. A 45 degree 
tapered or angled ring gap is used to 
permit the ring to exert a pressure 
against the cylinder wall. This gap 
should be approximately .001 for each 
inch of diameter of the piston. 

The piston pins are made of harden- 
ed high carbon steel. They are hollow 
to reduce weight and are accurately 
ground to be perfectly straight. They 
are usually the full floating type, which 
means that the piston pin is free to 
turn ineither the connecting rod bushing 
or the piston boss bushings. Some 
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pistons have the intake valve mounted 
in the top of the piston, This valve 
construction enables the piston move- 
ment to help open and close the valve, 
but it makes a more coStly repair if 
the valve assembly needs overhaul. 


4-2. The assembled piston, piston pin, lock pin and the 

connecting rod. Note that two cap screws instead of two 

bolts are used at the crank end of the connecting rod. 
(General Electric Co.) 


4-7. CONNECTING ROD 
CONSTRUCTION 


The connecting rod is used to fasten 
the piston to the crankshaft. The rod is 
occasionally made of drop forged steel 
and sometimes of cast iron, The type 
that is used with the crank throw type 
crankshaft has a split lower end that 
clamps around the crankshaft journal. 
This bearing must be fit to aclearance 
of approximately .001 inch; it is there- 
fore important that the belts be care- 
fully tightened (torqued). 

The eccentric type connecting rod 
uses itS own cast iron as the bearing 
surface, It is a solid ring and must be 
mounted on the eccentric before the 
crankshaft proper is assembled to the 
eccentric. 

A small piston and connecting rod 
assembly is shown in Figure 4-2, This 
is used in ahermetic unit. The connect- 


ing rod is fastened rigidly to a large 
piston pin by means of a locking pin 
and spring. The dismantled unit is 
shown in Figure 4-3. 


4-8. CRANKSHAFT CONSTRUCTION 
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The crank is a rotating lever. It 
can be used to produce torque on a 
shaft, or it can be used to change 
rotary motion to reciprocating motion 
when used together with a connecting 
rod, Figure 4-4. This type of crank- 
shaft is usually made of drop forged 
medium carbon steel or cast steel. 
The main parts of the crankshaft are 
the main bearing journals (two or 
more), the connecting rod bearing jour- 
nals, the end play bearing or device, 
the crankshaft seal shaft or shoulder 
and the flywheel holding device. The 
wearing surfaces of the crankshaft are 
usually case hardened. The bearings or 


lh 


4-3. A connecting rod and piston. This assembly uses 

a pin to lock the connecting rod to a large piston pin. 

This design provides an extra large piston bearing area. 
(General Electric Co.) 


bushings that the crankshaft journals 
turn in are usually made of some 
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copper alloy (bronze) or lead alloy 
(babbitt), The accurately ground case 
hardened journals must fit together 
with clearances of approximately .001 
in. Many of the crankshaft journals 
are also specially tréated (Lubrite by 
Parker is one) as asa ety precaution 
against bearing failure in case of a 
temporary shortage of lubricant. It is 
common practice to fasten the flywheel 
to the crankshaft with a standard taper, 
a Woodruff Key and a nut-lock washer 
combination. One must be very cautious 
when working on the crankshaft threads 
that they do not become injured, as this 
would necessitate replacing the com- 


' plete crankshaft. 


[j 
a 


i 1 


44. A crank throw type crankshaft. Note that the 
crankshaft rotates, the piston reciprocates, the piston 
pin oscillates and reciprocates, the upper end of the 
connecting rod oscillates as it reciprocates while the 
lower end of the connecting rod ke a combination 
reciprocating and rotating motion. 


Another type of crankshaft is the 
eccentric, Figure 4-5. The crankshaft 
consists of a steel shaft on which is 
mounted a cast iron eccentric (an off- 
center mounted disc). This type shaftis 
less expensive to manufacture; it pro- 
vides a larger wearing surface for the 
crankshaft; it is better balanced and is 
therefore smoother running. The shaft 


| has the two main bearing journals, the 


crankshaft seal device and the flywheel 
mounting device. The eccentric is fast- 
ened to the shaft by means of akey and 
a set screw. See Figure 4-6. 


4-9. VALVE CONSTRUCTION 


The valve assembly consists of a 
valve plate, an intake valve, anexhaust 
valve, and the retainers for the valves, 
Figure 4-7. 

The valve plate is quite commonly 
made of cast iron although the trend is 
now toward using hardened steel valve 
plates as they are thinner and have 
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4-6. A popular type of compressor piston, connecting 
rod and eccentric assembly. 
{Tecumseh Products Co.) 
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longer wearing valve seats. The valves 
proper are usually made of spring 
steel (reeds) accurately ground. The 
intake valve is usually retained in place 
by small pins and the clamping action 
between the compressor head and valve 
plate. The exhaust valve is alsoclamped 
in the same manner, but some of them 
may be held in place by small machine 


i 


4-7. A valve plate design. A. Intake valve. B. Exhaust 
valve. Heavy springs on the exhaust valve cage allow 
for ee oil pumping without damage. 


screws with a spring and a cage. This 
latter mechanism permits a wider 
valve opening for those instances when 
the compressor pumps oil, 

The valve discs or reeds must be 
perfectly flat, differences of only .0001 
in. or .0002 in. will cause valves to 
leak, There is no practical way to 
repair the discs or reeds so they must 
be replaced if leaking. The valve seat 
can be repaired by first grinding the 
plate on a surface grinder or on asur- 
face plate by hand, and then lapping the 
plate with the finest lapping powder 
obtainable. 

Of the two valves, the intake valve 
ordinarily gives the least trouble as it 
is constantly lubricated by retained oil 
in the refrigerant gases andit operates 
at a relatively cool temperature. The 
exhaust valve, however, must be fitted 
with great care as it operates at high 
temperatures and it must be leak proof 
against a relatively high pressure dif- 
ference. Because of the high gas ve- 
locities and the high temperatures, 


there is a tendency for the heavy ends 
of the hydrecarbon oils to settle on the 
valve and valve seat as carbon. Mois- 
ture tends to accelerate the deposit. 


4-8. Crank shaft seal designs. 1. Shows external spring’ 
bellows type seal. 2. Shows a synthetic rubber (non- ¢ 
bellows) type seal; 3. A replacement crankshaft seal 
solder. A. Synthetic rubber washer; B. Hardened and: 
ground seal face; C. Soft metal seal ring soldered to: 


bellows; 4. Shows an internal spring bellows type seal. ; 


! 


The valves open approximately .010' 
in. If their movement is more thanthis 
amount, a valve noise develops. If the 
movement is too little, not enough gas 
can enter the cylinder in case of the 
intake valve or leave the cylinder in 
case of the exhaust valve. 


4-10. CRANKSHAFT SEAL 
CONSTRUCTION 


The type of refrigerating system 
that uses an external motortodrive the 
compressor must havea leakproof joint 
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lat the place where the crankshaft comes 
‘out of the crankcase. This joint re- 
quires very clever designing as itis a 
place where the shaft rotates part of 
the time and is idle part of the time. 
The joint must also be feakproof as the 
pressures vary in the crankcase froma 
vacuum to pressures as high as the 
condensing pressure in the system. 

The original seal was called a stuff- 
ing box. It was acopy of the stuffing box 
used on steam engines. A lead, graphite 
jimpregnated rope was wound around the 
[shaft and moved into a cavity in the 
‘crankcase; then a compression nut 
pushed the packing both against the shaft 
and the housing. Oilor grease lubricat-~ 
hi the joint. Wear on the shaft was 
[natural, and replacement of the crank- 
|shaft was a periodic operation. 

The metallic seal was developed 
about 1918. It has replaced the stuffing 
box completely in refrigeration. There 
jare several types of metallic crank- 
|shaft seals. See Figure 4-8. The type 
that uses the rubber seal rings was not 
developed until an oil proof synthetic 
/rubber was developed inthe late 1920’s. 
| The contact surfaces (the rubbing 
surfaces) are usually made with one 
\face hardened tool steel and the other 
lof some bearing metal such as bronze. 
The surfaces must be as straight and 
as smooth as it is possible to make 
them. At present they are honed and 
lapped. They are inspected optically to 
flatness accuracies of nearly .000001 

in, in tolerance. 

For long satisfactory service, the 
Seal should be constantly lubricated. 
| The spring loading of the seal must 
be carefully calculated. Too much 
Spring force will cause too rapid wear. 
If the spring force is not enough, 
excessive crankcase pressures may 
force the seal ring from the shoulder 
a cause at least atemporary leak. 

The corrugated brass cylinder to 
‘which the seal ring and the gasket 
clamp ring are mounted is usually 
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called a bellows. The bellows must be 
made of anon-crystallizing metal (non- 
work hardening). Some companies have 
used a double thickness bellows, while 
others have used a small coil spring 
wrapped around the mainspring wire to 
eliminate critical vibration periods in 
the seal (chattering). 


4-11. GASKETS 

As the parts of the compressor are 
assembled, all the joints that lead tothe 
external surface of the compressor 
must be sealed. Gaskets are used for 
this purpose. These gaskets must be 
made of a material that will not react 
chemically with the oils or refrigerants 
used in the system. The material must 
be compressible without being deform- 
ed permanently. The material must not 
change its size as the temperature 
changes. It must have an expansion 
rate close to the coefficient of expan- 
sion of the compressor parts. 

Gaskets made of cork, paper com- 
position, asbestos, lead, rubber and 
aluminum have been used, The paper 
composition gasket is the most popular 
with lead also being a popular material. 
Aluminum cannot be used with certain 
refrigerants as it decomposes. The 
most important gasket is the one be- 
tween the cylinder and the valve plate. 
If this gasket is too thick, it will pro- 
duce too large a clearance pocket and 
the compressor will lose volumetric 
efficiency; and if the gasket is toothin, 
the piston will pound against the valve 
plate. If the holes in the gasket where 
the piston and cylinder contact the valve 
plate are too large, an extra clearance 
pocket will be formed. 

It is always best to use gaskets 
furnished by the manufacturers. It is 
especially important that the replace- 
ment gaskets be in perfect condition 
when used on compressors that use 
water jackets for cooling. 
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Many gaskets fail because the sur- 
faces they are clamped between are 
scored, warped or bruised in some 
manner. Be sure to check all surfaces 
for trueness and damage. Recondition 
the surfaces by filing, grinding or lap- 
ping if damaged. 


4-12. LUBRICATION 


Compressors are lubricated either 
by the splash system or by the pres- 
sure (force feed) system. 

In the splash system, the crankcase 
is filled with the correct oil up to the 
bottom of the main bearings or to the 
middle of the crankshaft main bearings. 
In operation each time the crankshaft 
revolves, the crankthrow or the eccen- 
tric will dip into the oil and splash or 
Sling it around the inside of the com- 
pressor. Oil gets thrown on the cylin- 
der walls, up on the piston pin bushings 
and into small cavities from where the 
oil drains into the main bearings. This 
is an excellent system for normal use 
in small compressors. Some com- 
pressor connecting rods have little dips 
or scoops fastened to the lower ends 
to aid in picking up the oil and slinging 
it around to the other parts. 

Generally speaking, the clearances 
between the moving parts is lessinthis 
type system. Mainly because, not being 
under pressure, noisy bearings will 
occur at smaller clearances thaninthe 
pressure feed system. 

The force feed system is a system 
which uses a small oil pump to force 
oil to the main bearings, the lowercon- 
necting rod bearings, and, in some 
cases, the piston pins. This system is 
more expensive due to the cost of the 
pump and the cost of drilling the 
crankshaft and connecting rod. How- 
ever, the compressor is better pro- 
tected at all times and it will run 
more quietly even though there are 
greater bearing clearances, 
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The pump is usually mounted onone 
end of the crankshaft which will be fitted 
with an eccentric in case a piston 
pump is used, a gear mounted incasea 
gear oil pump is used, or a rotor 
mounted in case a rotor pump is used, 
Whenever an oil pump is used, an 
overload relief valve must be built into 
the pump to protect against excessive 
oil pressures, Figure 4-9, i 


4-13. COMPRESSOR DRIVES 


Compressors of the external drive 
type may be driven at a reduced speed 
or at motor speed. The larger com- 
pressors are generally driven at aj 
reduced speed because they are more” 
efficient at the lower speed, and one 
compressor can be used for several 
different capacity applications by vary- 
ing the speed. Bearing, valve, and, 
piston life are increased by using. 
reduced speeds. The reduced speed 
drive also aids the motor and enables 
it to start more easily because of the 
lower starting torque required. The 
reduction in speed can be produced by 
using a belt drive, a gear drive or 
fluid coupling. 

The belt drive is the most popular, 
V- belts are used in single or multiple 
These V- belts have been improvec 
until at the present time they arí 
approximately 98% efficient in powet 
transmission. The slight loss is due tę 
the flexing of the belt as it bends © 
around the flywheel and motor pulley 
A big advantage of the V- belt is that ií 
will work efficiently over a large range 
of tightness. However, the flywheel anc 
pulley must be carefully aligned 01 
excessive end loads will be put on the 
motor bushings and the compressol 
bearings. Mis-alignment can be pro- 
duced by either not having the shafts 
parallel to each other, or by having the 
motor pulley ahead or behind the fly- 
wheel line. 
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Compressor r.p.m. can be deter- 
mined if one knows the motor speed, 
the pulley size and the flywheel size. 
Compressorr.p.m, = Motor r.p.m. X 
Pulley diameter 
flywheel diameter ste „n 

A more accurate result is obtained 
by measuring the pulley diameter and 
the flywheel diameter from the middle 
of the V-belt to the middle of the belt 
on the opposite side of the flywheel or 
pulley. 


4-10. A reciprocating type hermetic compressor. 


(Copeland Refrigeration Corp.) 


4-14. HERMETIC RECIPROCATING 
COMPRESSORS 


The main difference between the 
hermetic compressors and the open 
ype compressors is the enclosing of 
she electric motor in the crankcase or 
within a sealed housing that also con- 
‘ains the compressor. This construc- 
ion means that the compressors are 
directly driven and that they therefore 
revolve at motor speed. Various cylin- 
jer arrangements have been used. One- 
sylinder models are popular for small 
inits, while two-cylinder units are the 
most common in the larger units. 

The details of the materials of con- 
struction and the design of the com- 


pressor itself are practically identical 
to the open compressor, Figure 4-10. 

There are three basic hermetic 
designs, One type encloses the com- 
pressor and motor in a steel casing 
sometimes called a dome ora ‘‘hat.’’ 
The motor statoris sometimes pressed 
into one half of this dome and the com- 
pressor is bolted to this stator. This 


4-11. A hermetic compressor with a scotch yoke drive. 

Note the internal springs, the hollow piston, and the 

one main bearing. Crankshaft and play is absorbed by a 

thrust bearing located at the upper end of the main 
bearing. 


(Crosley Div., Avco Corp.) 


type is externally mounted on springs 
or rubber mounts for vibration absorp- 
tion. Another design has the motor and 
compressor assembly mounted on 
springs inside the dome or casing. The 
casing is usually made in two pieces 
and the joint is automatically welded, 
Figure 4-11. The third type uses the 
compressor body itself as the casing 
and extends the crankcase of the com- 
pressor to hold the motor. This type 
unit usually uses a bolted assembly 
and is commonly called a serviceable 
hermetic because it can easily be dis- 
mantled and assembled, Figure 4-12. 

A major engineering problem when 
designing hermetic units is the proper 
cooling of the electric motor. One 
method used to aid cooling the motor 
is to press the stator into the dome to 
provide easy heat transfer from the 
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motor windings to the casing. Another 
method is to pass the returning gas 
around the motor windings before it is 
compressed by the compressor. This 
relatively cool gas removes much of the 
heat, but it has a tendency to warm the 
returning gas enough to reduce the 
volumetric efficiency of the compres- 
sor somewhat, Figure 4-13. 

A hermetic motor compressor that 
revolves at 3600 r.p.m. is shown in 
Figure 4-14. The two pole motor drives 
a one-cylinder compressor by means of 
a scotch yoke. This unit has an intake 
valve in the piston. A pressure lubri- 
cation system is used. The pan on the 
left has an oil cooler ‘‘V’’ tube attach- 
ed to it. 
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4-12. A bolted type hermetic compressor-motor as- 
sembly. 


(Copeland Refrigeration Corp.) 


4-15. MUFFLERS 


Most of the smaller hermetic units 
have sound deadening devices on both 
the intake and the exhaust openings of 
the compressors. The mufflers eli- 
minate the sharp gasping sound on the 
intake stroke and the even sharper puff 
of the exhaust gases. These mufflers 
are small brazed cylinders with baffle 
plates mounted inside and based on 
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4-13. A single cylinder hermetic compressor. The suc- 
tion gas flows over the motor windings. At the right a 
disk picks up the oil and carries it up to a reservoir. The 
oil then feeds by gravity to the crankshaft. 
(Crosley Div., Avco Corp.) 


Bernoulli’s Theorem, the increased 
volume slows the velocity and reduces 
the annoying pumping sound, Figure! 
4-15, 

A complete assembly of both the 
intake muffler and exhaust muffler is 
shown in Figure 4-16. The outer holes 
are the intake ports and the inner 
half ring of holes are the exhaust holes. 


4-16. COMPRESSOR COOLING 


The compressors heat up from the’ 
friction between the moving parts. They: 
also heat up because the almost perfect 
adiabatic compression increases the 
temperature of the gas whichthen loses 
some of its heat to the compressor. 
This heat must be removed to prevent 
excessive loss of efficiency of the pump 
and to reduce the decomposition of the 
oil. 

The oil that circulates in the com- 
pressor is an excellent remover of 
heat. It receives the heat from the 
friction surfaces and carries this heat — 
to the outer surfaces of the unit. 

Air is very commonly used to re- 
move heat from the outer surface of the ~ 
compressor or the dome. To increase 
this heat removal, many compressors: 


4-14. An exploded view of a 3600 R.P.M. hermetic motor-compressor. The piston and crank are of the scotch 
yoke design. The four terminals are needed because the motor has three windings. 
(General Electric Co.) 


dome. Cast-in water jackets are used 
on some open compressors while oc- 
casionally copper tubing is wound 
around the hermetic dome to carry 
coolant. 
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4-15. A hermetic motor-compressor unit. A. Suction 
service valve; B. Discharge gas opening; C. Internal 
mounting spring; D. Intake muffler; E. Intake valve. 
[Tecumseh Products Co.) 


and many domes have metal fins ontheir 

outer surfaces. Some even use a motor 

driven fan to force air over the com- 

pressor to help remove this heat. 
pen 5 ere cooled condensor 1s 4-16. The cylinder head and muffler system. A. Exhaust; 

used, it is found advantageous to also B. Intake. 

use water to cool the compressor or (General Electric Co.) 
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4-17. ROTARY COMPRESSORS 


Rotary compressors are very popu- 
lar in the refrigeration field. They are 
compact and have very little vibration. 
Several types of rotary compressors 
have been built; namely, 

1. The stationary blade type 

2. The rotary blade type 

These two types could also be 
classified by their cylinder design. 

The stationary blade type could be 
called the concentric cylinder model 
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4-17. The two principal types of rotary compressors. 
A. The rotary blade type; B. The stationary blade type. 


and the rotary blade type could be called 
the eccentric cylinder model. See Fig- 
ure 4-17, 

The principle of operation of the 
stationary blade type is that the rotating 
cylinder is mounted on an eccentric 
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4-19. A two blade rotary compressor operation. Th 
blade rotor is off center. Blade A is passing throug 
about 90° of its suction motion while Blade B is passin 
through about 90° of its compression motion. 
(Seeger Refrigerator Co.) 


shaft. This rotating roller is sealed a 
its ends by plates fastened to the ends 
of the cylinder. As the roller rotates 
it leaves a space between it and the 
under part of the blade and the cylinder 
This space is filled with the suctiol 
gas from the cooling coil. This filling 
action continues until the high part o 
the roller pushes the blade completely 
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4-18. A four blade rotating blade type compressor. 
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out of the space back into its slot. Then 
as the high part of the roller con- 
_tinues past the intake opening or port, 
this gas charge is trapped in the cylin- 
der cavity. The roller now squeezes 
this gas into a smaller and smaller 
space between the upper part of the 
blade, the cylinder and the roller. As 
may be noted, the compressor has al- 


4-20. A hermetic motor-compressor. It uses a split 
phase motor and a two blade rotary compressor. 
(Seeger Refrigerator Co.) 


most a full revolution for its com- 
pression stroke and likewise for its 
intake stroke. All the parts must be 
fitted to extremely close tolerances 
and clearances. Any scores or clear- 
ances will allow the gases to pass by 
the roller surface or roller ends and 
reduce the efficiency of the pump. 

The rotating blade type of rotary 
compressor mounts the cylinder off 
center from the shaft in such a way 
that the shaft roller comes to within 
.00001 in. of the cylinder at a spot 

_between the intake and exhaust ports. 
The roller usually has two or four 
slots in which are mounted two or four 
blades that rub against the inner surface 
of the cylinder, Figure 4-18, The ends 
of the blades must fit the length of the 
cylinder with clearances of approxi- 
mately .0005 in. For pumping efficiency 
the blades must also have about this 
Same clearance in their slots. Some 
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compressors use two blades 
degrees apart, Figure 4-19. 


180 


As the roller rotates, a space is 
formed between the cylinder, the blade, 
the roller and the point of contact be- 
tween the roller and the cylinder. This 
gas charge is trapped into smaller and 
smaller spaces as the next blade moves 
past the contact point. 

A hermetic unit with a vertical 
crankshaft and using a two blade rotary 
compressor is shown in Figure 4-20, 
The electrical leads are at the top of 
the unis and it is externally spring 
mounted. The three bottom connections 
are, left to right, suction line, dis- 
charge line, and the oil-out line. The oil 
inlet line is at the upper left of the 
housing. This unit has 1/9 and 1/8 
H.P. motors, 

The internal construction of this 
compressor is shown in Figure 4-21. 
The suction line is at the left and the 
discharge line is at the right. Aconical 
screen is located at the inlet and a 
check valve is located in the vertical 
section of the suction passage. 
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4-21. The internal construction of a hermetic motor- 
compressor. The motor stator and rotor are at the top. 
The rotor is mounted on the eccentric shaft which drives 
the compressor rotor at the bottom of the shaft. 
(Seeger Refrigerator Co.) 
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4-18. CYLINDER CONSTRUCTION 


The cylinders are usually made of 
cast iron. The cylinder is accurately 
machine-honed, and lapped onthe inner 
surface and on the ends, The cylinder 
contains the intake and exhaust ports; 
some models have oil passages for 
lubrication. This cylinder is usually 
mounted on an end plate that is part of 
the main crankcase of the compressor 
and the refrigerant passages continue 
into this port. The exhaust valve reedis 
mounted on the exhaust port outlet of 
the compressor as close to the com- 
pression chamber as possible. Fouror 
more bolts hold the cylinder to the 
main part of the compressor. There 
are also one or more steel dowel pins 
to help align the cylinder on the com- 
pressor. After the cylinderis mounted, 
in the rotating blade type, snugly onthe 
back plate, the cylinder is moved by 
tapping it slightly until the cylinder 
binds on the roller. A light tap is then 
used to relieve the binding and the 
bolts are now tightened to their proper 
torque. 

In the stationary blade type com- 
pressor, the cylinder is mounted 
snugly, and then the shaft is turned and 
the cylinder is shifted until there is an 
equal amount of resistance for the com- 
plete revolution. Then the cylinder 
bolts are tightened (torqued). 


4-19. ROTOR CONSTRUCTION 


In the rotating blade type com- 
pressor, the rotor is a fixed part of the 
shaft. Its length must be accurate to 
.0005 in. It cannot have any scores on 
its outer surface. Its slots must be free 
from burrs and they must be true. The 
blades are lapped to fit the width and 
length of the slots. Usually the slots 
are on a radius to the center of the 
shaft, but one company puts the slots at 
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an angle to prevent the blades touching : 
the cylinder until the compressor has 
reached almost its operating speed, | 
thus reducing the starting load. 

In the stationary blade type of com- 
pressor, the rotor is usually a roller | 
that accurately fits the eccentric which 
is a fixed part of the shaft. Some com- | 
pressors have the blade fastened tothe 
roller to provide a positive means to) 
move the blade in and out of their slot 
and to provide a more positive leak! | 
proof joint between the roller and thell 
blade. However, this construction puts | 
all of the wear on the eccentric surface | 
and the inner surface of the roller, 
Figure 4-22, | 


| 
4-20. BLADE CONSTRUCTION , 
| 
{ 


The rotating blade type compressor | 
usually has two to four blades. These 


4-22. A stationary blade compressor with the blad 

attached to a bushing mounted on the revolving eccen. 

tric. A. Eccentric shaft; B. Bushing; C. Cylinder; D 
Exhaust valve; E. Inlet port; F. Thee 


blades have been made of cast iron 
steel, aluminum and carbon. One com- _ 
pany made the blade in two pieces ti! | 
enable the blade contact surface on the | 
cylinder to be the full width of the blade 
at all times. The efficiency of the com- 
pressor depends to a great extent or 
the condition of the contact edge of the 
blade with the cylinder. Blades mus“ 
have perfectly smooth edges and thei 


length must be exactly the same as the | 


| 
i 
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cylinders. Aluminum and carbon blades 
are used to reduce blade clicking 
noises and to reduce chattering of the 
blades. t 


at 
= 
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4-21. CRANKSHAFT > 


CONSTRUCTION an” 


The crankshaft is usually of forged 
steel construction. It is made of medium 
carbon steel and the high wear surfaces 
are then case hardened, It usually has 
two journals for the two main bearings 
although some have been built with only 
one main bearing. End play of the shaft 
is usually absorbed by a shoulder on 
one main bearing journal and by using 
the seal spring as an initial load 
device, 


4-23. A valve plate assembly. The opening to the inlet 
valve (A) is raised above the valve surface to avoid oil 
pumping. The exhaust valve retainer is spring loaded to 
allow for possible oil pumping without damaging the 
compressor mechanism. 
(Tecumseh Products Co.) 


The shaft also has the taper should- 
er, a woodruff key slot, and the threads 
for the flywheel and retaining nut. It is 
important that the main bearing jour- 
nals be straight and smooth. These 
journals must fit the bearings or bush- 
ings within .0005 in. and the shaft must 
be true throughout its length. V- blocks, 
a surface plate and a good quality 
height gauge is used to check the jour- 
nals and the shaft. 

Some of the directly driven com- 
pressors have a fitting on the end of 
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the shaft for the mounting of a flexible 
joint to permit small inaccuracies in 
motor and compressor alignment. 


4-22. VALVE CONSTRUCTION 


The exhaust valve is usually made 
of high carbon alloy steel heat treated 
to provide the properties of a flat 
spring. It is optically flat with no burrs 
on either surface. The valve seat is 
usually part of one of the plates that 
fasten on the end of the cylinder. This 
valve seat is made ofthe same material 
as the plate. It is constructed as close 
to the inner surface of the plate as 
practical to keep the clearance pocket 
as small as possible, Some valve de- 
signs use small springs to assist the 
closing of the valve and to permit more 
lift to the valve during those moments 
when the unit is pumping oil, Figure 
4-23. 

The rotary compressors do not use 
an intake valve as such because of the 
self trapping action of the blade or 
blades of the compressor. However, due 
to the pressure differences, compres- 
sor oil would be forced back into the 
suction line to the cooling oil unless a 
check valve is installed in the intake 
passages to keep this oil in the com- 
pressor. This check valve is usually a 
disc valve with a small spring locking. 
One compressor design uses a ball 
bearing as the check valve. 


4-23. CRANKSHAFT SEAL 
CONSTRUCTION 


The seal construction is very simi- 
lar to the seal construction of the 
reciprocating compressor, One design 
has the shaft seal on the high pressure 
side of the system. The shaft has a 
shoulder against which a synthetic 
rubber washer is impressed and aseal 
ring is then inserted. This seal ring 
has a pin to keep it from turning on the 
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shaft. Another construction mounts the 
bellows and ring on the shaft so that 
the ring turns with it and the matching 
face is the end of the main bearing. 


4-24. A hermetic rotary compressor. This is a single 
stationary blade type of compressor. 
(Frigidaire Div., General Motors Corp.) 


4-24. GASKETS 


The gaskets are made of the same 
materials as those of the reciprocating 
compressor, The thickness of the gas- 
kets is not as important as in some 
reciprocating compressor gaskets as 
none are used in critical places. 


4-25. LUBRICATION ROTARY 
COMPRESSORS 


The success of the rotary compres- 
sor is very dependent on the constant 
film of oil present on the cylinder, 
roller, and blade surfaces. It is a 
natural result of the operation of the 
compressor that oil feeds itself in 
through the main bearings into the 
cylinder. The cylinder is therefore 


located so that the oil level is approxi- 
mately half way up the main bearings. 
In all the larger units and eveninsome 
of the smaller units, a forced feed 
lubrication system is used. Some of the 
units use a separate oil pump, but some 
take advantage of the pumping actionof 
the blades moving in and out of their 
slots. If an oil passage is put in an end 
plate at the time the blade is moving 
out of the slot and then another passage 
is connected to slots as the blades 
move into the slot, oil will be pumped) 
The lubricant must be carefully: 
selected. It must be the special mois- 
ture free, wax free, unfoaming oil of the; 
correct viscosity for the refrigerant 
concerned. There is a tendency for car- 
bon to form around the exhaust valve il 
there are any impurities in the oil. 


4-26. HERMETIC ROTARY 
COMPRESSORS 


Rotary compressors are also very 
popular in hermetic units. Both designs 
of the rotary compressor have beer 
successfully used in hermetic units 
The compressors are directly driver 
and their design must adapt itself to the 
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4-25. A centrifugal type compressor. 
(Carrier Corp.) 
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COMPRESSOR CONSTRUCTION 


higher speed. Therefore the units are 
better balanced; the valve ports are 
larger; and the blades, etc; are made 
of a relatively light; material. See 
Figure 4-24, i 

en r 


4-27. CENTRIFUGAL COMPRESSORS 


Centrifugal compressors have been 
successfully usedin large refrigerating 
systems. This type compressor is 
based on the principle ofthe inertia and 
weight of gas. If a gas is moved rapidly 
in a circular path, it tends to move 
outward. This action is called centrifu- 
gal force. Therefore if gas is fed into 
a housing near its center and if a disc 
with radial blades (impellers) is rapidly 
turned in this housing, the gas will be 
forced against the outer diameter of 
the housing. The pressure difference 
obtained is rather small sothat several 
of these compressor wheels or impel- 
lers are put in series to produce a 


4-26. The rotor {impeller) from a centrifugal type 
compressor. 
(Carrier Corp.) 


sufficient volume of gas and to create 
sufficient pressure differences. There 
is considerable similarity in appear- 
ance between this type of compressor 
and a steam turbine or anaxial flow air 
compressor for a gas turbine engine. 
The centrifugal compressor has the 
advantage of complete simplicity of 
operation. There are no valves or 
pistons and cylinders. The only wearing 
parts are the main bearings, Figure 
4~25. Because the pumping efficiency of 
these compressors varies as the speed, 
these units are usually run at con- 
siderably above the motor speed which 
necessitates a step-up gear train. 


4-28. STATOR CONSTRUCTION 


The stator orcasingis usually made 
of cast iron; it has a varying radius 
inside to adapt itself to the gas pick up 
of the impellers, This cylindercontains 
the main bearings, the oil pressure 
producing pump, and the intake and 
exhaust ports for the gases. It also 
holds the shaft seal where the shaft 
protrudes from the casing for the 
power drive attachment. 


4-29. ROTOR CONSTRUCTION 


The rotor or impeller ofthe centri- 
fugal compressor is keyed to the com- 
pressor Shaft. It is madeofcastironor 
steel and is specially designed to move 
the gases without exceeding gas ve- 
locity limits and without having any gas 
trapping pockets, Figure 4-26. 
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4-30. REVIEW QUESTIONS 


Answers to these questions may be 
found in Paragraph 4-31, page 723. 


‘l 


ww 


10, 


11. 


. What 


. What is the purpose of a com- 


pressor? 


. What is gained by using a multiple 


cylinder reciprocating compres- 
sor? 


. What is a full floating piston pin? 


Why must the valves be of light 
weight? 


. How is the crankshaft joint sealed 


where it leaves the compressor 
body ? 


. Of what materials are pistons 


made? 


. Why must the clearance pocket be 


a minimum volume? 


. What is done to cool the com- 


pressor cylinder? 

is an internally sprung 
hermetic compressor? 

How are hermetic motors usually 
cooled? 

Is the stationary blade in a 
stationary blade compressor 


Wa 
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14, 


15, 


16. 


1 
18, 
19, 


20. 
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really stationary? 

How many intake strokes and 
exhaust strokes does the four- 
blade rotating blade type com- 
pressor have per each revolu- 
tion? 

Why are the main bearing clear- 
ances so closely measured in a 
rotary compressor? 

What does a rotary compressor 
have instead of an intake valve? 
How may the blades be used to 
help oil circulation in a rotary 
compressor? 

Is it possible to have the crank- 
shaft seal on the high pressure 
side of a rotary compressor? 
Why are some rotary compres- 
sor blades made of carbon? 
What would happen if the shaft of 
a compressor were bent? 

Does a centrifugal compressor 
have exhaust valves? 

Does a centrifugal compressor 
revolve athigheror lower speeds 
than a reciprocating compres- 
sor? 


Chapter 5 
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>. REFRIGERANT 


CONTROLS 


An automatically operated refriger- 
ating unit must have a device which will 
automatically reduce the high pressure 
liquid refrigerant to a low pressure 
liquid refrigerant inthe correct quanti- 
ties to keep the cooling unit operating 
at maximum efficiency and without 
overloading the compressor. The 
mechanical or compression system 
refrigerators have five main types of 
refrigerant controls: 

(a) Low pressure side float 

(b) High pressure side float 

(c) Automatic expansion valve 

(d) Thermostatic expansion valve 

(e) Capillary or choke tube 


5-1. COMPRESSION MACHINE 


REFRIGERANT CONTROLS 


The modern refrigerating units are 
almost completely automatic in opera- 
tion. Toobtainthis automatic operation, 
positive methods must be developed for 
operating the unit to produce proper 
refrigeration in the cabinet and also for 
controlling the electric motor which 
drives the mechanism. 

These refrigeration controls may be 
divided into three classes: (1) the con- 
trol based on pressure changes, (2) the 
control based on temperature changes, 
(3) the control based on volume or 
quantity changes, or the combination of 
two or more of the first three. 

It is the duty of the automatic con- 
trols to maintain the temperature inthe 


refrigerator cabinet within specific 
limits of 35 F. to 45 F., andto keep the 
frozen foods compartment between0F. 
tos F, 


5-2. THE PRESSURE CONTROLLED 
EXPANSION VALVE 


The automatic expansion valve or 
pressure controlled expansion valve is 
a refrigerant control whose operation 
is controlled by the low side pressure 
of the system, and whose purpose is to 
throttle the liquid refrigerant in the 
liquid line down to a constant pressure 
on the low pressure side, The action of 
the valve is very similar to a Spray 
nozzle, and while the compressor is 
running, the liquid refrigerantis spray- 
ed into the cooling unit tubing. Because 
the cooling unit is never filled with 
liquid refrigerant, but rather a mistor 
fog, a system using an automatic ex- 
pansion valve is sometimes called a 
“ary system. 

The pressure method is illustrated 
in Figure 5-1, and shows a flexible 
bellows connected to the needle of a 
needle valve and having cooling unit 
pressure Po on the inside with atmos- 
pheric or confined gas pressure Pı on 
the outside. F1 spring force tends to 
open the valve while Fo tends to close 
the valve. From the illustration, it may 
be seen that as the pressure in the 
cooling coil decreases, the differences 
in pressures will force the bellows 
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toward the valve body, and as it is 
fastened to the needle, it will open the 
needle valve, and some liquid refriger- 
ant will spray into the coil which, as it 
evaporates, keeps the cabinet tempera- 
ture within its design limits. 

This opening of the expansion valve 
occurs only when the compressor is 
running because this is the only time 
the pressure is reduced which causes 
it to operate. The expansion valve 
cannot flood the low side when the 
compressor is running, because as soon 
as the evaporating refrigerant vapor 
reaches the end of the cooling unit 
tubing, the motor control (sensitive 


5-1. Diagram of an automatic expansion valve show- 
ing the various pressures within the valve which cause 
it to operate. 


bulb) located there will cool and open 
the switch and stop the motor, and the 
low side pressure will thenimmediately 
build up enough to close the expansion 
valve. 

These valves are adjustable toper- 
mit the opening of the needle valve over 
a varying range of pressures (F}). 
Expansion valve adjustments must be 
made for varying altitudes as their 
operation is influenced by atmospheric 
pressure, An increase in altitude will 
require screwing in the adjusting 
screw. Also different refrigerants re- 


quire different expansion valve 
settings. 

These automatic expansion valves 
are made in a variety of designs. The 
flexible member may be made eitheras 
a diaphragm or as a bellows. The 
diaphragms are made of phosphor 
bronze and are either clamped or 
soldered to the valve body. The bellows 
is made of brass, and it is usually 
soldered to the body. These flexible 
elements must move inand out millions 
of times without any loss of flexibility. 

The body of the valve is usually 
drop forged brass although some are 
cast. These bodies must be seepage 
proof. 

The liquid inlet is either asoldered 
connection, a standard flared connec- 
tion, a large connection, or a pipe 
thread. A screen is usually located in 
this inlet, and it is designed for easy 
removal. This screen is made ofbrass 
wire of 60 to 100 mesh, meaning 60 to 
100 openings in one inch measurement. 

This screen filter in the liquid line 
will sometimes give trouble by be- 
coming clogged. Notice the double 
Spring arrangement on the needle to 
balance the forces and give asmoother 
control of the flow of the refrigerant, 
Figure 5-2. 

To adjust the automatic expansion 
valve, turn the adjusting screw out 
(contra-clockwise), which will release 
the spring pressure or force on the 
outside of the bellows and enable the 
needle valve to open only after a lower 
pressure; therefore, a decrease is on 
this low pressure side. 

Lowering the pressure on the low 
side will result in lowering the cooling 
unit temperature. To raise the cooling 
unit temperature, turn the adjusting 
screw in (clockwise) which will in- 
crease the spring pressure (force) on 
the outside of the bellows, and therefore 
the low side pressure must rise slightly 
to move the needle back against the 
seat. These controls can only be used 
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with a thermostatic motor control. 

The automatic expansion valve is a 
good replacement for capillary tube 
refrigerant controls when a unit is 
being servicedinthe field. These valves 
are adjustable and aré not as critical 
to the refrigerant charge as capillary 
tube systems. If an automatic expansion 
valve is used as a replacement in a 
hermetic system, one important pre- 
caution should be taken. When the motor 
is a low starting torque type, the head 
pressure must be reduced during the 
off-cycle. To accomplish this unload- 
ing, a groove is put in the valve seat 
to permit a small amount of refrigerant 
to ‘‘bleed’’ past the valve needle during 
the off-cycle. This ‘‘bleed'’’ opening 
must be large enough to permit pres- 
sure balancing during the off-cycle but 
must be small enough topermit control 
of the refrigerant when the system is 
at its lowest operating pressure. 


5-3. THE BELLOWS TYPE 
EXPANSION VALVE 


Figure 5-2 illustrates a bellows type 
automatic expansion valve. The bodyis 
made of special alloys (usually Stellite 
needles and Monel metal seats). The 
valves have softer seats than needles 
to eliminate as much as possible the 
wearing of a shoulder on the needle. 
The spring ‘‘C’’ is attached at both 
ends, eliminating a spring inside the 
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5-2. A pressure-controlled expansion valve A. Adjust- 
ing screw; B. Rubber cap; C. Lock joint; D. Bellows; 
E. Gasket; F. Screen; G. Plug; H. Liquid inlet; J. Needle 
shoulder; K. Plug; L. Needle; M. Seat; N. Refrigerant 
outlet; O. Packing. 
(Detroit Controls Co.} 


refrigerant space. The needle is mount- 
ed in a ball and socket to insure full 
seating by allowing the needle to align 
itself with the seat. The bellows, made 
of special brass, is very flexible and is 
soldered to both the body and the disk. 


5-3. A type of pressure controlled expansion valve using 
a diaphragm in place of bellows 


This bellows is made of stock .005 in. 
to .010 in. thick. It is carefully made 
in a series of rolling operations, The 
liquid line is usually 1/4 in. outside 
diameter (O.D.) and is fastened to the 
valve at ‘‘H’’ by a Special nut per- 
mitting easy removal of the screen, 
Note how the external surface of the 
bellows is sealed at ‘‘O’’ and ’'B’’ to 
insure that moisture will not enter, then 
freeze on the bellows and interfere with 
the accurate operation of the valve. 
The valves may be’ attached to the cool- 
ing coil either by means of threaded 
fittings or by two bolt flanges. Flanges 
sealed with lead gaskets are preferred. 

The automatic expansion valve is 
used chiefly on some older domestic 
refrigeration and on automobile air 
conditioning equipment. 
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5-4. THE DIAPHRAGM TYPE 
EXPANSION VALVE 


Figure 5-3. Note that the diaphragm 
is made in two discs, and metal guards 
are placed against the discs to protect 
them. The valve is designed with stops 
to prevent too great movement of the 
diaphragm. The diaphragm is placed 
into the body recess; the cap is put in 
place, and the assembly is soldered. 
Note that the diaphragms have concen- 
tric corrugations to improve their 
flexibility. 

Another diaphragm expansion valve 
design is shown in Figure 5-4. The 
diaphragm movement is limited by the 
body and the cap. The cap or cover 
plate is crimped over the edge of the 


body and the assembly is soldered. The, 


diaphragm has a disc on the low pres- 
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5-4. A popular diaphragm type automatic expansion 
valve. A. Rubber cap; B. Adjusting screw; C. Adjusting 
spring; D. Diaphragm; E. Screen; F. Inlet nut; G. Factory 
adjustment; H. Spring; J. Spring; K. Needle; L. Seat; 
M. Pin. 
(Detroit Controls Co.) 

sure side, and this disc acts on pins 
that move the needle away from the seat 
and allow the pin to contact the seat 
again. The inlet is a 1/4 in. flare 
connection and the outlet is an internal 
1/4 in. pipe thread. 


5-5. THE THERMOSTATIC 
EXPANSION VALVE 


Thermostatic expansion valves, 


which were developed in the late 


twenties are rapidly becoming the lead- 
ing multiple cooling coil refrigerant 
control. This control was originally 
produced to eliminate trouble with oil 
binding that was experienced with low 
side float installations. . 
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5-5. A thermostatic type expansion valve. A. Adjust- 
ing nut, B. Seal ring, C. Capillary tube, D. Bellows hous- 
ing, E. Spacer, F. Thermal bulb, G. Body bellows, H. 
Screen, |. Gasket, J. Refrigerant inlet, K. Needle pin, 
L. Sealed fitting, M. Needle, N. Seat, O. Cooling Coil 
connection, P. Inner spacer, Ọ. Spacer rod, R. Snap 

ring, S. Thermal bellows. 

(Detroit Controls Co.) 


The theory of the thermostatic ex- 
pansion valve is as follows: a power 
element, capillary tube, and thermo- 
static bulb apparatus is mounted into a! 
typical expansion valve and causes the: 
valve to keep the coil filled with re-: 
frigerant rather than to maintain ai 
definite low side pressure. The thermal 
expansion valve under any circum- 
stances does not attempt to regulate 
the low side pressure, but rather’ 
controls the filling of the cooling coil 
with refrigerant, and the compressor 
establishes its own pressure upon this 
refrigerant, Figure 5-5. This control 
was first used for the methyl chloride 
systems, but its inherent advantages 
soon led to its adoption for all multiple 
installations. It has one distinct ad- 
vantage over the low side float multiple 
system in that several different tem- 
peratures may be obtained without using 
any other special device. This may be 
accomplished by starving the coils in 
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5-6. The thermal element of a thermostatic expansion 
valve. There is enough refrigerant to insure liquid re- 
frigerant in the control bulb at all times. 
(Detroit Controls Corp.) 


the cabinets desired to be kept at a 
warmer temperature. 

The construction of this valve con- 
sists of a brass body into which the 
liquid line and»cooling unit connections 
are built. In this body is located the 
needle and seat, the former of whichis 
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7. A thermostatic expansion valve. Note the flared 
connections and the adjusting screw. 


(Sporlan Valve Co.) 


joined to a flexible metal bellows or 
diaphragm. This bellows, in turn is 
actuated by a non-heat conducting rod 
connected at the other end to a sealed 
bellows (power element), whichis join- 
ed to the thermostatic bulb by means 
of a capillary tube; all are carefully 
sealed, Figure 5-6. This thermostatic 
element must be charged withthe same 
refrigerant that is used in the system. 
Each manufacturer has a code for 
identifying the refrigerant with which 
the thermostatic element is charged. 
Some use letters such as S, M, F, etc., 
indicating sulphur dioxide, methyl 
chloride, or Freon 12. Others use 
colors or numbers to denote the charge. 
The whole valve is sealed to prevent 
moisture seeping into any part. A 
screen or Strainer is always located 
between the liquid line connection and 
the orifice to keep dirt away from the 
needle and seat of the valve. Some air- 
conditioning systems use as many as 
six of these thermostatic expansion 
valves On one cooling coil. 

Another thermostatic expansion 
valve is shown in Figure 5-7. It is of 
the single diaphragm type. Note the pins 
that carry the diaphragm action to the 
needle. The liquid inlet is on the left, 
and the coil connection is on the right. 

An exploded view of the valve is 
shown in Figure 5-8. The pin orneedle 
is made of Hastelloy, the seatis brass, 
the body is brass. Note that the inlet 
flare connection is mounted on the 
screen. 

The proper installation of the ther- 
mostatic expansion valve is the first 
factor to obtain satisfactory usage. The 
operation of the valve is simple. The 
bulb of the thermostatic expansion valve 
should be located at the outlet of the 
cooling coil. When the bulb warms the 
refrigerant vaporizes some of it and 
builds up a pressure in the power 
element by means of the capillary tube 
connection, and the bellows expands. 
This expansion forces the needle open, 
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admitting liquid refrigerant into the 
cooling coil, Figure 5-9, This continues 
until the whole coil is cooled, and the 
suction line starts to cool. As soon as 
the suction line, to which the power 
bulb is attached, becomes cooled suf- 
ficiently, the pressure in this bulb 
decreases, due to condensation of its 
refrigerant, which relieves the pres- 
sure in the bellows. This causes a con- 
traction of the bellows, and the expan- 
sion valve is shut off, leaving the cool- 
ing coil filled with liquid refrigerant 
vapor. The refrigerating mechanism 
now lowers or decreases the low side 
pressure, for it continues to run until 
the pressure motor control orthermo- 
static motor cuts out, giving the tem- 
perature desired. When the condensing 
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5-8. The various parts of a thermostatic expansion 
valve of the diaphragm type. Note the push rods that 
carry the diaphragm movement to the pin carrier. 
(Sporlan Valve Co.} 


unit stops, the thermostatic expansion 
valve closes. This closing is accom- 
plished by the low side pressure equal- 
ling the thermal bulb pressure the 
instant the condensing unit stops. This 
closing action is important; otherwise 
the cooling coil would become flooded 
with refrigerant. 

The needles are usually made of 
Stellite Hastelloy, or stainless steel 
while the seats are made of stainless 
steel, Monel or brass. 

The needles are usually sharp point- 
ed cones but spherical orifice closers, 
and flat orifice closers have also been 
used. 

The conical needle is popular for 


Thermastatic 


small capacity valves while the ‘‘bal. 
bearing’’ needle or the flat needle is 
used in larger valves, Figure 5-10. 


( 

5-9. A diaphragm type thermostatic expansion valve. / 
ball is used to the needle and a long cage guides thi 
movement. Pins carry the diaphragm movement to thi 

needle cage. 
(Automatic Products Co.) 

Most of these valves are equippe 
with an adjustment. One of the adjust: 


ments is designed to move the powe: 
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5-10. A large capacity thermostatic expansion valv 
orifice. 
(Detroit Controls Corp.) 
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element against the expansion valve 
bellows. If it is turned out or contra- 
clockwise, the power element will be 
moved away from the expansion valve 


bellows. This action will ‘‘starve’’ the. 


5-11. 


A thermostatic expansion valve with the valve 
adjustment in the body of the valve, A. 

(Alco Valve Co.) 
cooling coil or will result in closing 
the needle before the coil becomes full 
,of liquid refrigerant. 
| Another type valve has the adjusting 
iscrew in the body of the valve, Figure 
5-11. In this type the cooling coil will 
receive more refrigerant if the adjust- 
ling screw is turned out, and the coil 
will be ‘‘starved’’ if the adjusting 
iscrew is turned in. 


t 
5-6. THERMOSTATIC EXPANSION 
VALVE PRINCIPLE 


The thermostatic expansion valve 


5-12. Diagram of a thermostatic expansion valve show- 
ing the various pressures within the valve which causes 
it to operate. 


works on the pressure difference 
basis; thatis, the accumulated pressure 
difference or force difference between 
the element bellows and the body sealing 
bellows, Figure 5-12. With the unit 
running, the refrigerant, (To) in the 
expansion valve thermostatic element 
is usually about 10 F. warmer than the 
refrigerant in the cooling coil (Tj ) pro- 
ducing the different pressures and 
therefore the different forces. This 
means that the unit pressure in the 
element (P1) is greater than the unit 
pressure (Po) in the cooling coils (both 
containers using the same refrigerant). 
Therefore, to obtain balanced total 
pressures or force between the two 
bellows, the element control bellows 
sometimes has a smaller area (dia- 
meter) than the sealing bellows, This 
temperature (pressure) difference is 
often described as the superheat of the 
bulb over the coils refrigerant tem- 
perature while the unit is running. 
When the compressor stops, the low 
side pressure andthe element pressure 
tend to equalize. The total expansion 
valve bellows pressure or force there- 
fore overpowers the element bellows 
pressure, and the needle is forced 
firmly into the seat stopping the flow of 
refrigerant. The needle will now stay 
closed until the element force builds up 
enough to overcome the low side force. 
This can only happen when the unit is 
running. This prevents the flooding of 
the low side while the compressor is 
idle if the valve is adjusted correctly. 
With the adjustment turned to enable 
the needle to easier seat itself while 
the unit is running, the needle will 
close even though there is a greater 
temperature difference (about 15 F. 
temperature difference) between the 
refrigerant in the coil and that in the 
bulb, Figure 5-13. The cooling coil 
refrigerant liquid will not reach the 
bulb location in this case, because the 
low pressure gas only will be cold 
enough to reduce the element pressure 
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to the closing point. The coil will then 
be starved and the needle will shut off 
before the coil becomes full of liquid 
refrigerant. 

When the adjustment is turned to 
move the needle away from the seat one 
or two revolutions, the temperature of 


ne A 


5-13. A low side cycle when a large superheat adjust- 

ment is used. (A) represents the small pressure eee 

between the opening of the valve and the cut-out point. 
(Detroit Controls Corp.) 
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5-14. A thermostatic expansion valve adjusted to a 

small superheat. Note that the distance "B" represents 

the pressure drop on the low side after the valve starts 
to function. 


the element refrigerant must become 
nearer that of the cooling coil re- 
frigerant (5 F. to 7 F.), Figure 5-14. 
The coil must now become more than 
full of liquid refrigerant to bring the 
temperature (pressure) difference 
down to this value. The coil will be 
completely flooded, and some liquid 
may even go into the suction line. This 
adjustment is sensitive and should 
never be turned more than one-quarter 
of a turn at a time. Some thermostatic 
expansion valves use diaphragms of 
equal diameter instead of bellows. In 
this case, the valve is closed when the 
unit is idle by means of springs working 
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5-15. Low side pressure time graphs for various re 
frigerant controls. Expansion valve (pressure); 2. Lov 
side float; 3. High side float; 4. Thermostatic expan 
sion valve; A. Cut-in point; B. Cut-out point; C. Cut-ir 
point. 

in favor of the low-side pressure 
pressing on one side and the element 
pressure on the other side. Figure 5-1 
illustrates the low-side pressure be- 
havior when the various refrigerant 
controls are used, 

l 


5-7. TESTING THE THERMOSTATIC 
EXPANSION VALVE 


A simple method of testing thermo- 
static expansion valves in the fielc 
recommended by the Detroit Controls 
Company is as follows: 

In most cases the regular service 
kit contains all of the necessary equip“ 
ment, Figure 5-16. The equipmen 
required is as follows: 

1. Service drum of Freon 12, oi 
Methyl Chloride (in the shop a supply. 
of clean dry air at 75 to 100 pounds 
pressure can be used in place of the 
service drum. The service drum is 
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merely for the purpose of supplying 
pressure, and for this reason the re- 
frigerant used does not have to conform 
with the valve béing tested;-in other 
words, a drum of Fregn 12 would be 
satisfactory for testing with SOo Methyl 
Chloride or Freon 12 valves.). 


5-16. A method of testing thermostatic expansion valve. 


2. High pressure and low pressure 
gauges. The low pressure gauge should 
2e accurate and should be in good con- 
dition so that the pointer does not have 
ioo much lost motion. A high pressure 
Zauge is not absolutely necessary butis 
cecommended in order to show the 
pressure on the inlet of the valve. 

3. A small quantity of finely crushed 
ce is necessary, and one of the most 
2onvenient ways of carrying this around 
SS to keep it in a thermos bottle. 
[Thermos bottles are available with 
arge size necks. If such a container 
‘S completely filled with crushed ice, 
t will last easily for twenty-four 
jours. Whatever the container is, it 
should be completely filled with crushed 
ce. Do not attempt to make this test 


with the container full of water and a 
little crushed ice floating around onthe 
top. 

Proceed as follows to adjust the 
valve: 

1, Connect the valve as shown with 
the low pressure gauge screwed loosely 
into the adapter on the expansion valve 
outlet. The gauge is screwed up loosely 
to provide a small amount of leakage 
through the threads. 

2. Insert the bulbinthe crushed ice. 

3. Open the valve on the service 
drum and be sure that the drumis warm 
enough to build up apressure of at least 
70 pounds on the high pressure gauge 
connected in the line to the valve inlet. 

4. The expansion valve can now be 
adjusted. The pressure on the outlet 
gauge should be different for various 
refrigerants as follows: 

Freon 122.0... eee 22 pounds 

Methyl Chloride. ..... 15 pounds 

Sulphur Dioxide. ..... 3 pounds 
When making the adjustment, be sure to 
have a small amount of leakage through 
the low pressure gauge connection, 

5. Tap the body of the valve lightly 
in order to determine if the valve is 
smooth in operation. The needle of the 
gauge should not jump more than one 
pound, 

To test the needle for leaks, screw 
the gauge up tight to stop the leakage 
through the threads and determine if 
the expansion valve closes off tightly. 
With a good valve the pressure will 
increase a few pounds and then either 
stop or build up very slowly. With a 
leaking valve, the pressure will build 
up rapidly until it equals the inlet 
pressure. 

The power element may be tested 
by loosening the low pressure gauge 
to permit leakage through the threads 
and then removing the power element 
bulb from the crushed ice and warming 
it up with your hand, or by putting it in 
water at about room temperature. The 
pressure should increase rapidly show- 
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ing that the powerelementis operating. 

Note: With the new gas charged, 
(a small quantity of refrigerant) expan- 
sion valves, the amount of charge inthe 
power element is limited, and the 
pressure will not build up above the 
specified pressure. This pressure is 
always marked on the valve body and 
must be considered when testing gas 
charged valves. 

The body bellows is tested with high 
pressure showing on both gauges as 
outlined in the preceding paragraph. 
A leak is detected by loosening the 
packing nut and using a Halide leak 
detector to detect the escape of gas. 
When making this test, it is important 
that the body of the valve has a fairly 
high pressure and also the gauge and 
other fittings are screwed up tight to 
eliminate leakage at other points. Leak- 
age can also be detected by the use of 
oil or soap suds. 


5-8. THE NORMAL CHARGE 
POWER ELEMENT 


The thermostatic element of the 
thermostatic expansion valve is very 
accurately made. As mentioned before, 
it is essential that the element is 
charged with the same refrigerant as is 
in the system. This similarity enables 
the valve to maintain a constant super- 
heat setting even though the low side 
pressures and temperatures change, 
Figure 5-17. 

One problem encountered with the 
thermostatic expansion valve is that 
with a normal refrigerant charge (1/2 
liquid and 1/2 gas) the element will 
always overload the condensing unit 
when the refrigerating machine first 
starts up after a long shut down period. 
For example, if aone H.P. unit has been 
idle for several days, and the cabinet, 
the cooling coil, andthe condensing unit 
are all at the ambient temperature 
(room temperature), andthe unit is then 
started, the low side pressure will be 
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very high. And it will continue to be high 
as the cabinet slowly cools off. The 
reason for this long overload is that 
the expansion valve will keep the coil 
full of liquid refrigerant whether the 
coil is at 75 F. or 0 F. That is if the 
coil refrigerant is at 75 F., the valve 
will open; if the cabinet temperature 
is 85 F. This prolonged overload some=: 
times causes the refrigerating unit tor 
fail (motor burn-outs, etc.). 


TEMPERATURE 


PRESSURE 


i 
{ 
I 
f 
5-17. The constant superheat setting of a thermostatic 
expansion valve. A. Vapor pressure curve of the re- 
frigerant in the cooling coil; B. The vapor pressure curve 


of the refrigerant in the bulb at the same moment; C. 
The superheat difference (normally 10 F.). 


Another problem encountered wit 
the normal charged element is that 
the element sometimes loses its sen- 
sitivity, because the liquid refrigerant 
collects at the bellows or diaphragm; 
For example, if the valve body if 
located in a sheltered spot on the coil 
and the bellows or diaphragm end of thr, 
element becomes colder than the bulk! 
all the liquid refrigerant will settle a 
the bellows or diaphragm, andthe bulb 
being only filled with gas cannot responi 
to coil temperature changes. 


5-9. THE GAS CHARGED POWER 
ELEMENT 


One way to eliminate the overload: 
ing of a condensing unit during i 
‘‘pull-down’’ from warm conditions © 
is to use a thermal unit having a ver 
small charge of refrigerant. Thi: 
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5-18. The action of a gas charged thermostatic ex- 

gansion valve thermal element. A. Maximum pressure 

in the thermostatic element; B. The path of the low side 

oressure and temperature as the unit ‘‘pulls-down"; C. 

The path of the thermal element pressure and temper- 

ature below the maximum pressure setting until the con- 
stant superheat setting is reached "D." 


harge is small enough so that at a 
¿ertain pre-determined temperature, 
ill of the refrigerant is in a gas state, 
ind the element pressure will not in- 
pease above this point. For example, 
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-19. A thermostatic expansion valve with a collapsible 

lement between the element mechanism and the needle 
jechanism. Above a certain low side pressure, the 

| spring will collapse if the element pressure increases. 

| (Sporlan Valve Co.) 


{ 


if just enough refrigerant is put in the 
element to produce a maximum pres- 
sure of 40 psig the element pressure 
will never exceed this value. If the low 
side pressure ever exceeds this pres- 
sure, the valve will not open, Figure 
5-18. There is a tendency forthe small 
amount of liquid in this type of element 
to collect at the bellows and diaphragm, 
and the valve may lose its sensitivity. 


5-10. THE LIQUID CHARGED 
POWER ELEMENT 


For those installations where the 
body of the valve is exposed to colder 
temperature than the bulb, a liquid 
charged element has been developed. 
This element is completely filled with 
liquid refrigerant. Under no conditions 
can the sensitive bulb be emptied of 
liquid. This valve operates under hy- 
draulic principles at its lower tem- 
peratures. 


5-11. PRESSURE LIMITERS 

Another method used to prevent 
overloading the condensing unit is to 
put a collapsible element between the 
thermal element mechanism and the 
needle mechanism. This little sealed 
bellows is designed to collapse at a 
certain force, element pressure or low 
side pressure. Therefore, if this col- 
lapsible element is designed to collapse 
at 40 psig of the diaphragm or bellows, 
the needle will close if the low side 
pressure ever exceeds this amount 
regardless of the element temperature 
or pressure. The operation is similar 
to that shown in Figure 5-18. This type 
thermostatic expansion valve is shown 
in Figure 5-19. 

A gas charged collapsible element 
can also be used to provide a limit as 
to the pressure which will open the 
valve. When the pressure in the low 
side exceeds a certain set value, the 
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5-20. A diaphragm type thermostatic expansion valve 
with a collapsible element mounted between the thermal 
element and the valve. 

(Alco Valve Co.) 


diaphragm will collapse, Figure 5-20, 
The gas used is a non-condensable gas 
and obeys Charles’ and Boyle’s Laws 
only. 

An example of how the pressure 
limiting device prevents a long running 
time at excessive low side pressures 
when the refrigerator is warmis shown 
in Figure 5-21. Thecycle record shows 
a pressure drop from our 50 psi to 10 
psig in just a few minutes. The unit 


sl 


5-21. A cycle diagram of a home freezer unit equipped 
with a pressure limited thermostatic expansion valve 
and a thermostat motor control. The unit was started 
warm at 2 P. M. Note the quick reduction of pressure 
until the valve opened at 10 psig. 
(Sporlan Valve Co.) 
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Í 
then ran for two hours before a thermo- 
stat shut it off. 

Another type of pressure limiter 
thermostatic expansion valve is shown 
in Figure 5-22, This valve has an ad- 
justable pressure limiter (A). Above a 
certain set pressure setting at (A) the 
spring above the diaphragm will com- 
press instead of the valve needle being 


5-22. A thermostatic expansion valve with an adjus: 
able pressure limiter device. A. Pressure limiter adjus 
ment, B. Liquid inlet, C. Cooling coil connection, Ẹ 
Thermal bulb connection. 

(A-P Controls Corp.) 
opened. The liquid inlet is at (B) an 
the cooling coil connection is at (C), 
The capillary tube and thermal bulb i: 
not shown but the connection is at (D) 
Another spring loaded pressure limite. 
is shown in Figure 5-23, The pressur: 
limiter assembly is shown in Figure 
5-24. It will stay as a rigid rod ans 
open and close the valve until th 
pressures in the low pressure side ani 
in the thermal element are greater thai 
the pressure of the spring. 

Some thermostatic expansion valve: 
have a thermal element ‘‘cross’ 
charge. A different refrigerant is pu 
in the thermal element. The pressure 
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temperature curve of this refrigerant 
is such that the valve has high super- 
eat when the coil is warm and the 
low side pressures are high. Then as 
he coil cools and the low side pressure 
educes, the superheat’ setting is re- 
uced, Figure 5-25, This « cross charge 
s mainly used in low temperature 
installations. The valves are usually 
liquid charged valves. One must be 
very accurate in choosing the correct 
valve and the correct size valve for 
2ach installation. 


' 


A valve with a spring loaded pressure limiter. 
l A. Superheat adjustment. 
(Detroit Controls Co.) 
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5-25. A graphical picture of how a 


he cross charge thermostatic expansion 
i valve operates. 

at (Alco Valve Co.) 
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5-12. THE POWER ELEMENT 
MOUNTING 


The location and the actual mounting 
of the power element bulb is very 
important. The bulb must be in good 
thermal contact with the cooling coil 
outlet, Figure 5-26. The bulb should 
be mounted on the top of the suction 
line so its liquid is close to the suction 
line. If it is necessary to mount the 


5-24. The pressure limiter device. With the adjusting 
screw set to produce length (L), the forces (B) will 
collapse the spring (compress it) when they exceed the 
forces (A). 
(Detroit Controls Corp.) 
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bulb on a vertical suction line, the 
capillary tube should come out the top 
of the bulb. To keep the bulb from 
being influenced by the air or liquid 
being cooled the bulb is insulated. 
Special rubber forms are available to 
put around the bulb, and the line or 
friction tape can be used toinsulate the 
bulb so that only the suction Jine tem- 
perature can influence the bulb. 

Metal straps, copper, and non- 
rusting machine screws are usually 
used to fasten the bulb to the suction 
line. The bulb must have excellent 
thermal contact with the suction line. 
The connection must be clean and 
tight. 


5-13. THERMOSTATIC EXPANSION 
VALVES CAPACITIES 


One type of valve has one standard 
body, but it has an easily replaced 
needle and seal assembly. These as- 
semblies come in a variety of sizes 


THERMOSTATIC BULB 


SUCTION LINE 


5-26. The correct way to fasten a thermal bulb to a 
suction line. 
(Detroit Controls Corp.) 


(orifice sizes). The larger the orifice 
size the more liquid refrigerant canbe 
fed into the coil per unit oftime. 

The valves are rated in tons of 
refrigeration. However, the same 
orifice usually has three different ton- 
nage capacities. (This change in capa- 
city is because the amount of liquid 
that will flow depends on the difference 
between the high pressure on the con- 
densing side andthe low pressure onthe 
low pressure side.) Therefore, ifitisa 
Freon 12 system, a valve that has a 
1/2 ton rating at a 13 psig on low side 
pressure, domestic will have a 3/4 to 


1 ton capacity at 5 in. vacuum (frozen 
food units) and a 1/3 ton capacity at 
40 lbs. per sq. in., assuming 130 lbs. 
per sq. in. head pressure; in the first 
case there is a 130-13 =117 lb. pres- 
sure difference; then inthe second case 
it is 130+ 23 (5 in, vacuum = 22 Ibs.) 
= 1323 lb. pressure difference, and in 
the last case it is 130-40= 90 lb. pres- 
sure difference. 


5-27. A thermostatic expansion valve with a distributél 
incorporated in the valve body. The inlet fitting is è. 
the top. The cap covering the adjusting screw is « 
the right. The small line attached to the center of th 
valve with a flare nut is the equalizer tube. t 
(Sporlan Valve Co.) 


It is very important to puta valve c 
the correct capacity on a coil. If th 
valve orifice is undersize, the coil wil 
be starved regardless of the superhea 
setting, and the full capacity of the coi 
cannot be obtained, 

If the orifice is oversize, the valv 
will ‘‘hunt’’ or surge. When the valv 
opens, too much refrigerant passes int, 
the cooling coil, and the coil will swea 
or frost down into the suction line befor 
the thermal element can close th, 
valve. If one tries to correct this con 
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dition by increasing the superheat set- It has been shown that when there is 
‘ting, the coil will be starved much of an appreciable pressure drop in the 
the time, and full efficiency cannot be cooling coil, the pressure on the inside 
lrealized. S A , of the valve body will be higher than the 


f ae pressure of the boiling refrigerant near 
' 5-14. SPECIAL THERMOSTATIC 


| EXPANSION VALVES eae 


There have been many thermostatic 
expansion valve designs on the market. 
These designs help the valve serve 
many purposes. ; 

One valve combines a distributing EVAPORATOR 
jtube or manifold in the body of the 
valve, Figure 5-27. This model is 
popular for air conditioning applica- 
‘tions. The design must be carefully 


SUPERHEAT 


5-29. A normal superheat setting. A. indicates the 
place the liquid erani reaches before the valve 
closes. 

(Detroit Controls Corp.) 
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3-28. $ Toa ba expansion valve with multiple out- 4 (OF 

ets and an external equalizer connection. Note the 

packing around the valve stem and the method used VALVE EVAR 

to adjust the superheat setting. SUPERHEAT 
(Alco Valve Co.) 
(Detroit Controls Corp.) 
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engineered, as each tube must receive nasi : = 
An equal amount of refrigerant. 32 22 I7 

, Another design uses an equalizer —_ 

ube, Figure 5-28 shows a valve with IS F. 

ı multiple outlet, and an external COIL 
ee iizer SUPERHEAT 


| When a thermostatic expansion k : f 

fal e installed i Z 5 5-30. A starved cooling coil due to excessive pressure 

_ralve is installed in a normal situation drop in the cooling coil. The liquid reaches point B at 
with a 10 F. superheat, the settings |7 F. and the gas warms to 22 F. at which time the 


: : valve closes. 
may be as shown in Figure 5-29. (Detroit Controls Corp.) 
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5-31. An equalizer tube will produce the same coil 
superheat as the valve superheat. The pressure under 
the bellows or diaphragm is the same as the suction 
line pressure at the thermal bulb location. 
(Detroit Controls Corp.} 


the bulb location. This action tends to 
starve the cooling coil duetothe higher 
than normal valve body pressure, 
Figure 5-30. 

Although the valve is adjusted fora 
10 F. superheat, the excessive pressure 
drop actually results ina 15 F. super- 
heat setting and a starved coil. 

If a small tube (}’’ O.D.) is connect- 
ed to the suction line and then tapped 
into the expansion valve so that the two 
pressures are equal, the valve will 
operate much better, Figure 5-31. 

The equalizer tube is connected to 
the low side pressure side of the 
bellows or diaphragm. Therefore, even 
though the low side pressure drop in 
the coil is high, the pressure operating 
the valve is the same as the pressure 
in the suction line at the thermal bulb 
setting. 

Another problem encountered with 
thermostatic expansion valves is their 
tendency to open intermittently during 
an off-cycle. To prevent this occur- 
rence, One may impose the high side 
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pressure on the valve to force it closed. 
A solenoid valve is used to control this 
pressure. A special solenoid valve 
connected into the equalizer tubing is 
shown in Figure 5-32. The solenoid 
valve electrical circuit is opened as 
the compressor motor circuit opens, 
The solenoid core falls and closes the 
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5-32. A special solenoid valve that controls the equal- 
izer tube. The solenoid valve is not energized in the 
illustration and the high pressure gas is against the 
bottom of the valve diaphragm. 

(Sporlan Valve Co.) 


equalizer tube to the suction line. The 
high pressure refrigerant enters the 
top of the solenoid valve and passes up 
the equalizer tube and forces the ther- 
mostatic diaphragm up allowing the 
valve to close. Figure 5-33 shows a 
cross-section of the special solenoic 
valve. 

This arrangement permits using å 
small solenoid valve to control large 
capacity systems. 

A valve that has been made with ar 
unusual adjustment is shown in Figure 
5-34, This valve uses a needle fastenec 
to a disc and a ball so the same 
spring that pushes the diaphram against 
the element pressure will force the 
needle against its seat. The other enc 
of the spring is encased in a washel 
that is positioned by an adjusting stem: 
When this adjusting screw is turned ir 
or clockwise, itincreases the superhea 
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5-33. A three-way solenoid valve used to control an 

equalizer tube. When energized the openings A and B 

are connected. When not energized openings C and A 
are connected. 


(Sporlan Valve Co.) 
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|5-34. A thermostatic expansion valve with a superheat 
jadjustment that adjusts the spring force. When the 
screw is turned in, the superheat difference will increase. 
| (Alco Valve Co.) 
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setting or starves the coil. The outlet 
to the cooling is not shown in the 
illustration. 

A large capacity valve is shown in 
Figure 5-35. It has flanged refrigerant 
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5-35. A large capacity thermostatic expansion valve 
equipped with an equalizer tube fitting and a disc-type 
valve. 


(Sporlan Valve Co.) 


line connections bolted together ana 
gasketed. Instead of a needle and seat, 
it has a disc valve and seat. An 
equalizer tube connection is shown in 
the upper right part of the body. 

When thermostatic expansion valves 
are used in low temperature installa- 
tions, the pressures are too low to 
create enough force to efficiently open 
and close the valve. A differential valve 
which operates on the difference in 
temperature attwocoil positions solves 
this difficulty, Figures 5-36 and 5-37. 


5-15. LOW PRESSURE SIDE FLOAT 
CONTROL (FLOODED) 


The second and one of the most 
popular methods of controlling the re- 
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frigerant flow in the 1920’s and 1930’s 
was that used in the flooded system of 
refrigeration. It consists simply of a 
float operating in the cooling unit 


which controls the level of the liquid 
refrigerant in the cooling unit, Figure 
5-38, 


5-36. A differential type thermostatic expansion valve. 

A. Refrigerant inlet; B. Refrigerant outlet; C. Anti-surge 

adjustment; D. Superheat bulb; E. Cooling coil bulb. 
(Detroit Controls Corp.) 


The float is connected either to a 
needle valve or a ball check valve and 
is calibrated so the valve will close 
when the float is at the proper level; 
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5-37. Differential temperature expansion valve designed 
to meet needs of extremely low temperatures. A. 
Superheat bulb; B. Superheat power element; C. Evap- 
orator bulb; D. Main valve orifice; E. Main valve needle; 
F. Strainer; G. Bypass valve orifice; H. Outlet passage; 
l. Bypass valve adjustment; J. Evaporator power ele- 
ment; K. Operating lever; L. eee carrier assembly; 
M. “Anti-surge” spring; N. "Anti-surge" adjustment; 
O. Factory superheat adjustment; P. Sealing bellows; 
Q. ad union connection; R. Operating lever ful- 
crum; S. Anti-chatter device;" T. Stainless steel spacer. 
(Detroit Controls Corp.} 
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that is, when there is a certain level 
of liquid refrigerant in the cooling coil. — 
The suction tube of these cooling . 
units extends into the float chamber , 
and has its opening located near the top. 
This opening is protected from picking | 
up liquid refrigerant by having a baffle l 
plate located between it and the liquid. i 
This baffle is necessary because the: 
liquid as it evaporates is sometimes , 
agitated violently. If this baffle plate 
were not provided, the suction tube: 
might receive liquid refrigerant in it: 
when the compressor is running. i 
These cooling coils, or boilers,, 
are usually made of copper (tin-dipped). 
The float chamber has tubes running: 
out of it and down, forming a box for 
the ice-cube trays; the tubing then 
returns to the float chamber. The joints ` 
are sealed by copper hydrogen brazing 
or silver brazing although some early ` 
types were soft soldered. The float 
itself is usually a sealed brass ball 
connected to the needle by means of a 
brass lever. The needles used in early 
refrigerators were made of steel but 
are now made of stainless steel or 
Stellite. The seats are built into the 
removable header and are made of: 
brass or Monel metal. Five to seven’ 
cap screws hold the header in place. 
A lead gasket is usually used to seal 
the joint, because it is easily broken 
open, it takes up little space, it needs 
no cleaning upon removal, and it may. 
be used again. The cap screws may be 
made of either Monel metal or may be 
cadmium plated steel to prevent rust- 
ing. 


5-16. LOW PRESSURE FLOAT 
CONTROL (PAN TYPE) ! 

l 
Figure 5-39 illustrates the pani 
type or bucket type of float. This float: 
is made of brass and operates similar 
to the ball type. The header on this 
type of float is usually welded into place 
and cannot be removed. A removal 
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cartridge type needle and seat assembly 
is therefore used. The ball type floats 
„are used with most of the sulphur 
dioxide units and with the old methyl 
chloride units. The pan type float is 
now used with methyl chloride, because 
it insures a more positive oil return. 
This return is accomplished by extend- 
ing the suction line into the bucket, 
since the oil collects 

| wick to help remove the oil from the 
chamber into the bucket. 


Float valve housing 
a 
f 
0 
4 
Ù 
Q 
Y 
is, 


in the open 
bucket as it settles out of the spray in 
‘the float chamber. One company usesa 


Strainer 


Suction line connection 
Liquid line connection: 
Float valve 


Vaporizing tube 


Liquid and suction line connection 

) 
Liquid and suction line connection gasket 
Freezing chamber 
Temperature control bulb bracket 


The low side floats must be very 
carefully adjusted or calibrated when 


assembled in order to control the 
liquid level at a certain definite setting 
in the cooling coil. If the float mech- 
anism is adjusted so the refrigerant 
jlevel is too low, it will result in a 
‘lower than normal low side pressure. 
'\Also, if the refrigerant level is too low, 
an excess accumulation of oil will take 
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place in the cooling coil; this will oil- 
bind the refrigerant. If the float is 
calibrated so the refrigerant level is 
too high this will result in liquid 
refrigerant entering the suction line, 
and a frosted suction line will result. 
This will increase the cost of operation 
of the machine. 

These floats are adjustable either by 
bending the float arm or by a special 
adjusting screw on the mechanism as 
illustrated in Figure 5-38. 

Another feature to be noticedis that 
the oil in the sulphur dioxide units 


5:38. A low-pressure side float control. 


5-39. A pan-type float control. 


(Norge Corp.) 


settles on the top of the refrigerant 
when it collects in the cooling unit, 
because the oil is lighter than the 
refrigerant. The float must be designed 
to allow for a certain oil layer and 
amount of refrigerant. 

It is a peculiar phenomenon of re- 
frigerants that if they are not agitated 
or helped in some other way, the 
pressures may sometimes be reduced 


MODERN REFRIGERATION, AIR CONDITIONING 


far below the refrigerant’s boiling 
point at that temperature before the 
liquid will start evaporating. This 
peculiarity is greatly increased by the 
layer of oil always present on top of 
the refrigerant, which acts as a choke 
or retarder. 

Many methods have been promoted 
to prevent this occurrence; these in- 
clude sawed tubing, tacks, and other 
materials, which are placed in flooded 
cooling units. Some of these are still 
being used, but perhaps the best devel- 
opment along this line has been the use 
of special wood which, when located in 
the liquid-filled tubes of the cooling 
unit, acts asacatalytic agent and makes 
the refrigerant boil at the correct 
temperature. These substances are 
called ebulators. 


5-17. LOW PRESSURE SIDE FLOAT 
CONTROL TROUBLES 


The float controlis practically fool- 
proof, but occasionally the unit will 
stick either open or closed. A closed 
needle valve may be detected by a lack 
of refrigeration, a high vacuum on the 
low pressure side; a leaky needle may 
be indicated by a continuous gurgling 
or hissing in the cooling unit after the 
compressor has stopped, an equalizing 
of the pressure gauges, and a frosted 
suction line. 


5-18. HIGH PRESSURE SIDE FLOAT 
CONTROL 


Another control that is similar in 
construction to the low pressure side 
float control, except that the float is 
located on the high pressure side of the 
system, is the high side float valve. 
This float maintains a constant level of 
liquid refrigerant on the high pressure 
side. 

As the refrigerant is condensed in 
its condenser, it flows directly to the 
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high side float chamber (no liquid re- 
ceiver is used). As the liquid level 
rises, the float opens a valve allowing 
refrigerant to flow intothe cooling coil. 
The floats are made of either copper 
or steel. In the hermetic or semi- 
hermetic units the steel type is usually ` 
used. These units cannot use a liquid 
receiver unless the float is located 
within it. These float controls do not: 
have as much difficulty with oil binding ! 
as the low side float control, because © 
at the higher pressure the oil is dis- : 
solved more readily in the liquid re- < 
frigerant and circulates with it. How- |; 
ever, the cooling coil used in connec- 
tion with a high side float control must 
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5-40. A high pressure side float refrigerant control. 


be equipped with a special oil return, 
or oil binding trouble will be encounter-: 
ed in it. 

The high pressure side float is now! 
preferred to the low side float in that” 
it permits a cooling coil design which ~ 
utilizes all the coil space for useful” 
refrigeration rather than float chamber 
Space. 

The float must be a sealed ball, and! 
it is connected directly to the needle, 
or it operates the needle by a simple ` 
lever, Figure 5-40. The needles and 
seats are made of long wearing alloys 
such as Stainless steel or hard sur- 
facing alloys. 

Both the copper or steel floats are 
subject to crushing if the high side 
pressure becomes excessive. Acrush- 


hd 
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ed float will not rise with the liquid 
level and the cooling coil will be 
evacuated. A stuck-closed valve also 
causes an evacuated cooling coil. Tap- 
ping briskly on the float chamber may 
free the valve, or if Ahe float is made 
of steel, an electro-riagnet may be 
used to raise it. 


5-19. SPECIAL HIGH PRESSURE 
FLOAT CONTROL 
INSTALLATIONS 


There have been four principal 
cycle designs using high side floats. 
One design has the condensing unit top 
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5-41. A top mounted unit with a high side float control. 


| mounted and the float is located near 


— 


the condensing unit, but the line from 
the float needle to the cooling coil is 
all within the cabinet insulation, Figure 
5-41. Another design has the float 
located on the condensing unit, and it 
uses a weight check valve located near 
the cooling coil to prevent frosting of 
the liquid line, Figure 5-42. A third 


design locates the float in the back wall 


of the cabinet semi-buried in the in- 


_ Sulation, Figure 5-43. The fourth de- 
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5-42. A base mounted high side float control using 
a weight check valve. A. Weight valve. 
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5.43. A refrigerating unit with the high side float 
located in the back wall of the cabinet. 
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5-44, A base mounted high side float mechanism. A capillary tube connects the high side float to the cooling coil. 


sign uses a high side float located on 
the condensing unit, and a capillary 
tube is used to convey the reduced 
pressure liquid refrigerant tothe cool- 
ing unit, Figure 5-44. Inthe three latter 


5-45. A refrigerant "Restrictor" which operated similar 
to a capillary tube refrigerant control. A. Screen, B. 


Threaded cylinder, C. Housing. 


designs the refrigerant lines from the 
high side float to the cooling coil are 
insulated. 


CAPILLARY OR CHOKE TUBE 
REFRIGERANT CONTROL 


5-20. 


An increasingly popular refrigerant 
control is the capillary or choke-tube 
type. This control consists of a very 
small diameter length of tubing which 
acts as a constant throttle on the re- 
frigerant. It was first used success- 
fully in the late 1920's with the Rice 
domestic refrigerator using methyl 
chloride and is now being used by 
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5-46. A capillary tube suction line combination. 
(Wabash Corp.) 

practically all manufacturers. It is a 
peculiar control inasmuch as the 
amount of refrigerant in the system, 
must be very carefully calibrated, as 
all the liquid refrigerant moves into 
the low side during the off-cycle. Too 
much refrigerant will cause the unit to 
frost back on the low side. It must be 
used in conjunction with a thermostatic 
motor control. The Rice machine used 
a capillary tube 27 inches long, and the 
diameter was 1/16 inch. | 

The 1934 and 1935 Frigidaire Stan- 
dard line used a refrigerant control 
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similar in action to the capillary tube 
control. It was called a ‘‘Restrictor’’ 
,and consisted of a refrigerant passage 
formed by the threaded portion of a 


; large diameter screw pe enclosed 


ina housing, Figure 5- ia. = 


5-21. CAPILLARY TUBE DESIGNS 

The capillary tube refrigerant con- 
trol, Figure 5-46, does not have any 
moving parts; therefore it has several 
advantages. First, there are no parts 
to wear or stick; second, the pressures 
balance in the system when the unit 
stops. This condition placed a minimum 
Starting load on the motor. 


Capillary Tube Diameters, 
OD and §..D: 


Outside Diameter Inside Diameter 


.083 .031 
094, -036 
| .109 042 
ae .049 
.120 .055 
.130 .065 


5-47. Capillary tube diameters, O.D. and I.D. 


| There are several theories con- 
cerning the principle of operation of 
the capillary tube. The tube presents a 
fluid flow resistance, and the pressure 
decreases as the small liquid flow 
progresses through the tube until the 
‘liquid starts to evaporate in the tube. 
‘ This gas formation provides a sudden 
| pressure and temperature drop in the 
‘last one fourth of the length of the 
‘tube, It is cooled to evaporator tem- 
l peratures, and its pressure is reduced 
j. +0 evaporator pressure. This gas for- 
“mation in the capillary tube is called 
ar ‘vapor lock.” The design of the capil- 
í lary tube depends on four variables: 
1. The tube length 
2. The inside diameter 
i 3. The tightness of the tube windings 
k 4. The temperature of the tubing 


There are severalformulas forcal- 
culating capillary tube sizes and length, 
but the best system seems to be to use 
the original tube size and then change 
the windings, temperature, and the 
length of the tube until it functions 
correctly. 


5-22. CAPILLARY TUBE 
CAPACITIES 


The capillary tube refrigerant con- 
trol is the simplest of all refrigerant 
controls. It consists of very accurately 
made seamless copper tubing. The 
inner diameter is very accurately con- 
trolled to provide sensitive pressure 
reduction. Some popular capillary tube 
sizes are shown in Figure 5-47. 

The .083 O.D. by .031 I.D. is used 
in Frigidaire and Crosley units. The 
.114 O.D. by .049 I.D. tubing is used 
for the Freon 12 domestic unit and is 
suitable for average temperatures and 
frozen food temperatures, dependent on 
the power of the unit and the use. 

Approximate sizes for capillary 
tube installations are shown in Figure 
5-48 for Freon 12, 

The capillary tube should be solder- 
ed to the suction line for several feet 
of its length (approximately 4 feet). 
Any extra capillary tube length should 
be coiled at the condenser end of the 
tube. A permanent dryer and a very 
high quality filter should be installed 
at the inlet to the capillary tube to 
prevent clogging. 


5-23. CAPILLARY TUBE FITTINGS 


The capillary tube should be fasten- 
ed to the cooling coil and condenser 
or dryer with mechanical fittings that 
are leak-proof and vibration-proof. 
Figure 5-49 illustrates two popular 
ways to make these connections. Part 


(1) shows the use of a special nut that 
squeezes against both the capillary 


tube and the fitting. Because the nose 
section is deformed as the nut is 
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5-48. Standard capillary tube lengths, for typical applications. H is high temperature; M is medium; and L is low. 
The length of the tube is indicated in feet for each capillary tube diameter. 


tightened, the nut should always be 
replaced when the capillary tube is 
serviced. Part (2) shows the capillary 
tube silver brazed to a 1/4 O.D. soft 
copper tubing. The larger tube may then 
be connected to the system by the usual 
flared fitting. Part (3) shows a larger 
tube soldered to the capillary tube and 


5-50. Capillary tubing connections. 
8 (Wabash Corp.) 


tion line to prevent backing-up of the 
high pressure gas and the refrigerant 
oil into the cooling unit, Figure 5-51, 
These check valves may use either a 
disc or a solid ball in their construc- 
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5-49. Capillary tube connections. A. Capillary tube; 
B. seed compression nut; C. Connector fitting; D. 
This fitting attached to the refrigerator mechanism wtih 
either threaded or silver brazed connections; E. Com- 
pression nose seal against tube and fitting; F. '/, in. tub- 
ing; G. Flare nut; H. Connector fitting; J. Silver brazed; 
K. Swedged tube to capillary tube and silver brazed. 
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the larger tube attachment made witha 
connection flared fitting, Figure 5-50. 

In some cases the capillary tube 
may be found soldered into the system. 
However, mechanical connections may 
be substituted at the time of overhaul. 


5-24. CHECK VALVES 


Low PRESSURE Gas TRANSVERSE 
IMEr TÒ COMPRESSOR SECTION ON A-A 


Rotary and gear compressors are 


equipped with check valves in the suc- 5-51. A low pressure side check valve. 
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tion. They may also operate differently; 
some use a spring to keep the valve 
against the seat; others are mounted so 
“the weight of the valve keeps it against 
its seat. a -@ a 
z 


5-25. SOLENOID VALVES “7 


A valve that can open or close 
refrigerant lines by using electricity 
is often used in refrigerating systems. 
It is an electro-magnet with a movable 
¿core or center. If the movable center 
is a valve stem, an electric switch can 
be used to close the refrigerant line. 
Some domestic refrigerators use this 
valve, but it is very popular in com- 


5-27. REVIEW QUESTIONS 


1, What is meant by float calibra- 
tion? 

2. How many pressures or forces 
influence the needle movement 
of an automatic expansion valve 
meedle,? 

3. Why are expansion valves made 

adjustable? 

. Which refrigerant controls can 

| operate satisfactorily with a 

varying amount of refrigerant in 
the system? 

5. What is thermostatic expansion 
valve superheat? 

, 6. How much liquid refrigerant 
. turns into gas as the refrigerant 
passes by the needle valve? 

7, What is the thermal bulb charge 

in thermostatic expansionvalve? 

8. What mesh screens are used in 

refrigerant controls? 

9. When was the thermostatic ex- 
pansion valve first used? 

10. What is the most common ex- 
pansion valve body material? 

11, What may happen if the thermo- 

static expansion valve orifice is 
too large? 


mercial refrigeration. A detailed ex- 
planation of its operation will be found 
in Chapter 19. 


5-26. SUCTION PRESSURE VALVES 


Many systems use bellows or 
diaphragm-operated pressure regula- 
ting valves on the low side of the 
system. Some operate from the cooling 
coil pressure and therefore keep the 
pressure in the cooling coil constant. 
Some operate fromthe crankcase pres- 
sure and therefore keep the compres- 
sor from being overloaded. These 
valves may be studied in Chapter 19. 


12. How does the liquid line fasten 
to the expansion valve? 

13, Why does the suction line extend 
down into the pan type float? 

14, What is a cartridge needle? 

15. How may low side floats be ad- 
justed? 

16. Of what materials are high side 
floats made? 

17, What causes a high side float to 
collapse? 

18. What is done to permit locating 
the high side float in the base of 
the cabinet? 

19, What is the purpose of an auto- 
matic refrigerant control? 

20. How does a capillary 
operate ? 

21, Does a capillary tube system 
have a liquid receiver? 

22. What happens to the capacity of 
a capillary tube if the tube is 
lengthened? 

23. Does a capillary tube need a 
filter or a screen at its inlet? 

24, Is it possible to adjust the capa- 
city of a capillary tube? 

25. What type of system needs a 
check valve? 


tube 
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CAPILLARY TUBE .075 1.0. 


RESTRICTOR WIRE 5-28. CAPILLARY TUBE FOR 
.035 0.0. 0550n -0620D. SERVICING UNITS 

j A clever capillary tube system 
TARE which is easily adjusted and installed 
l ` for any system of low, medium, or high 
Fa temperature using either refrigerant 
p z 12 or 22 is shown in Fig. 5-52. The tub- 
SS ing is of the same O.D. and I.D. for all 


systems, but the capacity is varied by 
putting various diameter wires of var- 
ious lengths inside the tubing. A com- 
plete table of wire sizes and lengths to 
use is furnished with each unit. 


5-52. An adjustable capillary tube for service work. 
This design enables one unit to be adjusted to all 
temperature applications, most capacities and for either 
refrigerant |2, or 22. 
(Watsco, Inc.) 
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Chapter 6 
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MOTOR CONTROLS 


The purpose of automatic refrigera- 
tion is to provide correct refrigerating 
temperatures with a minimum of atten- 
tion. To produce these temperatures 
under a variety of conditions, it is 
necessary to use a refrigerating unit 
with more capacity than is ordinarily 
needed. Therefore, this unit would over 
refrigerate under continuous operating 
conditions. 

There are two possible ways to stop 
heat removal when a satisfactory tem- 
perature has been reached: 

1. The most popular way is to stop 
the motor when the correct tempera- 
ture is reached, 

2. The second method is tostopand 
start the flow of refrigerant inthe sys- 
tem when the correct temperature is 
reached. This latter system is fre- 
quently used in multiple commercial 
systems but very seldom in single units. 

The motor controls for hermetic 
systems are more involved then those 
used for open or conventional systems. 
The hermetic system uses a Starting 
relay and as many as three safety de- 
vices in the electrical circuit. The 
modern hermetic also incorporates 
automatic defrosting in many units. 


6-1. REFRIGERATION ELECTRIC 


MOTOR CONTROLS 


The temperature inside the cabinet 
Should be maintained within certain 
limits; therefore, the machine must 
Shut off (cutout) when the low limit of 
temperature is reached, or food will 


spoil by slow freezing; likewise, when 
the cabinet temperature rises again, the 
machine must start (cut-in). 

To actuate the cut-in and cut-out, 
two types of motor controls are used, 
the pressure type and the thermostatic 
type. 

This chapter discusses the thermo- 
static type extensively as it is the one 
used in domestic refrigeration. The 
pressure type is used extensively in 
commercial refrigeration, and its oper- 
ation is discussed in detail in Chapter 
19, 

The running time naturally varies 
depending on the room temperature, 
the frequency of use of the refrigerator, 
and the size of the refrigerating unit. 
For the Northern states, the running 
time is approximately 35 to 40 percent 
of the time; for the Southern states, the 
running time may become approximate- 
ly 50 per cent of the time for most re- 
frigerators. 

In the older designs, the unit would 
cycle over a two to three-hour period. 
That is, the running time and off time 
of the mechanism would total between 
two and three hours. The recent trend 
has been to decrease the over all cycling 
time so that now refrigerators may run 
5 to 10 minutes and be off 10 to 20 min- 
utes. 

Also, itis a standard practice among 
the manufacturers to design their units 
so the electric motor operates a total of 
only 8 to 14 hours out of the 24, which 
is approximately 40 per cent of the 
time. 
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6-1. Methods used to obtain motion from temperature 
and pressure changes. A. Low side pressure bellows; 
B. Gas charged temperature response bellows; C. Vapor 
pressure temperature response bellows; D. Liquid charge 
temperature response diaphragm; E. Some bulbs capil- 
lary tube coil used as a bulb; F. Enlarged view of E 
sensitive element; G. A capillary tube used as a bulb. 


This fourteen-hour operating time 
is on the basis of standard use of the 
cabinet. If the cabinet is used more, the 
running time will be longer. If the usage 
is less, the running time is less. The 
average cabinet runs far below 14 hours 
of the 24, The usual time is from 8 to 
10 hours of the 24, 


6-2. MOTOR CONTROL 
PRINCIPLES 


Any device which will change its 
position as the temperature varies or 
as the pressure varies, can be used as 
a motor control device. A piece of metal 
that expands as temperatures rise and 
vice versa could be used. This move- 
ment can be easily connected toa Switch. 
This type is too slow, however, and its 
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movement is so small that itis not used 
in refrigeration. 

A bi-metal strip is also used to pro- 
duce motionas the temperature changes, 
It is used where very small differen- 
tials are desired, such as in a house 
heating thermostat. 

By using a bellows or diaphragm, | 
pressure changes cancome from either 
a confined fluid or from the low pres- 
sure side of the system. This system , 
is the one most used, Figure 6-1. As. 
the pressures rise in the low sideorin 
the sensitive bulb due to atemperature 
rise, the pressure will rise in the bel- 
lows or diaphragm, and the bellows will 
move to the right against atmospheric 
pressure and any spring pressure pre- 
sent. This movement, when connected to 
a snap-action switch will cause the , 
switch to snap closed, and current will 
flow to the motor. When the pressures 
and temperatures decrease, the beliows 
or diaphragm will tend to collapse, and 
the toggle or snap switch will be pulled 
into the open position, Figure 6-2, 


6-2. Methods of connecting a bellows to a snap action 
switch. A. A toggle snap action for motor controls; B. 
A magnet snap action for motor controls. 


The motor control performs two 
functions: (1) it maintains certaintem- 
perature limits within the cabinet, and | 
(2) it controls the cycling time of the 
refrigerating unit. To obtain these two 
conditions, two different adjustments 
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are used: (1) a range adjustment, the 
purpose of which is to make the box 
colder or warmer; (2) adifferential ad- 
justment, the purpose of whichis toad- 
just and regulate the running time cycle 
of the unit. The knob tkat is located to 
permit the user of the Fefrigerator to 
iadjust the temperature, is a range ad- 
justment. The differential adjustmentis 
generally located so that only the ser- 
viceman can change the cycling in- 
iterval. 


16-3. RANGE ADJUSTMENT 


A sample of a range adjustment is 
as follows: if the unit cuts-in at 25 F. 
and cuts-out at 15 F. cooling unit tem- 
perature, the range is the value of the 
two. To make the box operate ata 
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6-3. Adjusting the range settings of a motor control. 
A. A compression spring range adjustment; B. A ten- 
sion spring range adjustment. 

| 


warmer temperature, the range adjust- 
ment is adjusted so the cut-out be- 
comes 16 F. and the cut-in 26 F. Note 
that the temperatures are higher, but 
the distance between the two has not 
been changed. This condition will only 
slightly affect the running time of the 
unit due to the fact that the box is not 
as cold now, and therefore, the con- 
densing unit will not have to do quite 
so much work. 


j 
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6-4. RANGE ADJUSTMENT 
MECHANISMS 


The range adjustment is easily re- 
cognized by the fact that it is an ad- 
justable force pressing directly upon 
the bellows or diaphragm which oper- 
ates the switch; this force is always 
being exerted upon the bellows whether 
the switch is in the cut-out position or 
in the cut-in position. 

The adjustable force may be either 
an adjustable weight that always presses 
against the bellows, or, more com- 
monly, it is a spiral spring with an 
adjustable screw which either changes 
the pressure or the tension of the 
Spring. 

The spring may press orpulleither 
directly on the bellows or diaphragm 
or on a lever that is attached to the 
bellows, Figure 6-3. 

Most of the range adjusting screws 
have a calibrated dial, or have a pointer 
connected to the screw that indicates 
the direction they should be turned for 
a warmer Setting or colder setting and 
the temperature of this setting. 


6-5. DIFFERENTIAL ADJUSTMENT 


The differential adjustment sets the 
temperature difference between the cut- 
out and cutein temperatures. If the 
cooling coil is set to cut-inat 25F. and 
cut-out at 15 F., the difference or dif- 
ferential is 10 F. To cycle the machine 
more frequently, one could change the 
distance between the two Settings as fol- 
lows: 

1, 15 F. -24 F. (cut-in only) 

2. 16F.-25F. (cut-out only) 

3. 16F.-24F. (both cut-in and cut- 
out) 

Note that whenever the differential 
(the distance between the settings) is 
changed, the range is also changed, but 
if the range is adjusted the differential 
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is not necessarily affected, Figure 6-4, 

If the unit turns off and on too fre- 
quently and maintains a very good 
steady cabinet temperature, the differ- 
ential may be increased to allow less 
frequent starting of the motor by in- 
creasing the differential, for example, 
from 10 F. to 11 F. 

Referring to Fig. 6-4, the differen- 
tial is adjusted in three ways: (A) the 
cut-in point may be moved without 
changing the cut-out, (B) the cut-out 
point may be moved without changing 


6-4. Effect of different control adjustments. A. Cut- 

in setting lowered; B. Cut-out setting raised; C. Cut-in 

lowered and cut-out raised; D. Range adjustment cut-in 
lowered and cut-out lowered. 


the cut-in, (C) they both may be ad- 
justed farther apart or brought closer 
together. One will usually find one of 
these three different types of differen- 
tial adjustments built into a control. 

An example of (A) is to change the 
15 F. and 25 F. adjustment to 14 F. and 
25 F. One may first turn the range ad- 
justment to 14 F. and 24 F.; then change 
the cut-in differential to 25 F. produc- 
ing a new setting of 14 F. and 25 F. 
Another way would be to adjust the dif- 
ferential to 15 F. and 26 F., and then 


change the range to 14 F. and 25F. 
Note that this will make the cabinet 
become colder before it will cut-out, 
but by simply adjusting the range ad- 
justment to 143 F. and 252 F. after the 
differential has beenincreased, one will 


6-5. Various types of differential adjustment mechar' 
isms.. A. Cut-in type; B. Cut-out type; C. Cut-in typ: 
using a slot and magnet; D. Double type. 


get almost the same results as in th! 
first setting. 

An example of (B) is tochange 15 F. 
and 25 F. to 15 F, and 26 F, One mai 
first change the range from 15 F, an 
25 F. to 16 F. and 26 F., then chang 
the cut-out differential from 16 F. ar 
26 F. to 15 F, and 26 F. Or, one me. 
adjust the cut-out first and then chang 
the range. 

An example of (C) is tochange 15F 
and 25 F. to 13 F. and 25 F. One ma 
first change the differential from 15F 
and 25 F. to 14 F. and 16 F., the 
change the range from 14 F, and 26 E - 
to 13 F. and 25 F. 


A differential adjustment of the firs 
two types may be recognized by the fae 


that it affects the operation of tł 
switch mechanism; in the first cast 
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only when the switch is in the cut-out 
position or in the second case, only 
when the switch is in the cut-in posi- 
‘tion. The third type differential adjust- 


ment, which is very common, is usually . 


an adjustable arrangefMent which af- 

-fects the effort of the toggle to snap off 
‘and on. (D) shows the effect of the range 
iadjustment. A range adjustment affects 
| both the cut-in and the cut-out. 


\6-6. DIFFERENTIAL ADJUSTMENT 
| MECHANISMS 


| Two types of differential adjust- 
}ments have a spring that affects the 
movement of the bellows either just be- 
fore it cuts-out or cuts-in, but not both. 
This limited action is obtained by using 
j stop on the spring, Figure 6-5. 

The third type of differential ad- 
|justment affects both the cut-out and 
|cut-in by using a spring or a magnet 
ito make it easier for the points to open 
Po close, or more difficult for the 
control to open or close the electrical 


(contact points. 


6-7. PRESSURE CONTROL 


| To have any refrigeration effect at 
jall in the box, a low pressure must be 
maintained in the cooling unit to permit 
evaporation of the refrigerant at a low 
temperature. Therefore, one automatic 
control of the motor is based on pres- 
lsure differences in the cooling unit. 
This is the old style domestic control 
and is now used only on commercial 
\Systems. 
| It operates as follows: when the 
pressure builds up in the cooling unit, 
¡a bellow expands, a switch is auto- 
| matically thrown, and the motor starts; 
then when the pressure becomes low 
: a the bellows contract and the 
‘}motor is automatically shut off. 
| The electrical switch is of either 
‘ |the mercury bulb or of the open con- 
‘tact point type, using a bellows-actuated 
| 


toggle, Figure 6-6. As may be seen 
from the drawing, a pressure rise in 
the bellows chamber will rotate the 
bell crank lever clockwise and allow 
the trip roller to roll up the incline on 
the end of the lever, causing the con- 
tact points to lower and touch the fixed 
electrodes. As soon as the motor- 
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6-6. A low pressure operated motor control. 


operated compressor reduces the pres- 
sure, the bell crank reverses its mo- 
tion, causing the roller to roll down 
the incline after it has rolled over the 
point pulling the contacts up and open- 
ing the circuit. 

The range adjustment will lower the 
cut-in and cut-out an equal distance if 
the nuts are moved out (contra-clock- 
wise), and will raise the cut-in and 
cut-out pressure if turned in (clock- 
wise). 

The differential adjustment separ- 
ates the cut-in and cut-out pressure 
when turned farther to the right (clock- 
wise) or vice versa. This is the double 
type differential adjustment. If the 
spring tension is increased by turning 
the nut clockwise, it is harder for the 
bell crank lever to move over the roll- 
er, no matter in what direction it is 
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6-7. A remote power element thermostatic motor control. This control is used in household units and small com- 
mercial units. It has a cut-in type differential. | 


(Ranco, Inc.) 


moving. This naturally increases the 
pressure difference between both the 
cut-in and cut-out points. 

Some models of this particular con- 
trol are also equipped with a safety 
control. It is of the bellows construc- 
tion with a pressure tap to the high 
pressure side of the compressor so 
that, if the compression pressure or 
head pressure should be too high, this 
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6-8. A late model motor control. Note the single dial 
control knob, the range adjustment and the differential 
adjustment. 

(Cutler Hammer Inc.) 


bellows would throw the switch out of 
contact, stopping the motor. This is! 
only a safety device for the motor. It 
is especially necessary when a water- 
cooled unit is used. See Chapter 19, 

The low pressure type of control is’ 
of such a nature that it is easy to ad-' 
just while on the job. It can also easily 
be adjusted with a vacuum pump and ai 
compound gauge after it has been re- 


moved from the unit. 
t 


The adjustment of these controls i: 
very important, because lasting satis-. 
factory operation of the unit depends te 
a great extent on their accuracy. 


4 


6-8. THERMOSTATIC MOTOR l 
CONTROLS ` 


Thermostatic motor controls may 
be classified into three types according 
to their internal construction and oper- 
ation. These types are: 

1, Self-contained type 

2. Remote power element type 

3. Double remote power element 


type 
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6-9. REMOTE POWER ELEMENT 
TYPE CONTROL 


y 
The type of temperature control now 
in use uses the same basic principles 
as above, but in addition it may be 
equipped with safety devices and a de- 
frosting switch. Its design is also dif- 
ferent in this respect: it has a remote 
power element which is connected toa 
‘bellows in the electrical control by 
means of a capillary tube, butits oper- 
‘ation is identical. That is, as the power 
element warms, its pressure operates 
‘upon a flexible bellows or diaphragm, 
located in the rear of the temperature 
control. This bellows presses against 
an arm under spring tension; and when 
the pressure becomes high enough, it 
throws two silver contacts together 
completing the electrical circuit and 
starting the motor. 
| The thermostatic control using a re- 
mote power element is now used in the 
majority of refrigerators of conven- 
tional design, Figure 6-7. Thethermo- 
static control using two remote power 
elements is used on many units equip- 
ped for automatic defrosting. 

Special devices, such as over load 
cut-out, automatic defrosting, manual 
switch, and range adjustments, which 
provide control of cooling coil temper- 
atures, are incorporated in many of the 
thermostatic motor controls. Amodern 
termperature control is shown in Fig- 
ure 6-8, 

After the cooling unit has become 
cold enough, the power element will 
cool; the resultant drop in pressure 
will cause a contraction of the bellows 
which in turn allows the spring pres- 
sure to make the silver contacts fly 
Ten These silver contacts are built 
into a lever toggle system controlled 
2y springs so that when they are opened 
and closed, they do it very rapidly with 
A Snapping action. They are designed 
this way to reduce the arcing at the 
doints. 


The adjustment of this temperature 
control consists merely in turning the 
knob in the direction specified on the 
cold control; that is, increasing the 
large spring pressure will make the 
unit warmer, and releasing the spring 
pressure will make the unit colder, 

To increase or decrease the tem- 
perature difference or differential be- 
tween the cut-in and cut-out points, a 
small screw is located in the bottom 
of the case, The more the small screw 
is turned in, the less the differential, 
and the more the small screwis turned 
out (contra-clockwise) the more the 
differential. 

The differential screw adjusts the 
distance the arm can move in the open 
position. By turning the screw in, the 
cut-in temperature can be raised or 
vice versa. However, this screw has no 
effect on the cut-out, as the lever is 
away from the screw in the points 
closed position. This differential is not 
to be touched, however, unless ab- 
solutely necessary. 


6-10. DEFROSTING SWITCH, 
SAFETY OVERLOAD 


The operation of the original manu- 
al defrosting switches is as follows: 
to the defrosting switch button is fast- 
ened a long arm; when pulled out, this 
arm has a little catch on it which holds 
the silver contacts apart until the con- 
trol button is pushed back again. 

A small ratchet rack and gear at- 
tachment are incorporated ina safety 
fuse or time fuse and operate as fol- 
lows: directly in series with the wires 
going to the silver contact points is a 
heating coil which is wrapped around a 
shaft holding the ratchet gear. This coil 
is so designed that ifthe motor runs too 
long or draws too much current, it will 
get so warm that it heats the solder 
holding the ratchet gear to the ratchet 
axle; when the solder gets hot enough, 
it will melt, freeing the ratchet gear. 
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The ratchet rack has a Spring tension 
on it and when released it pulls the 
rack up. This rack has a shoulder 
which catches the silver electrode 
lever, breaking the circuit. That is, as 
soon as the solder melts, this arm will 
move up, pulling the defrosting button 
out and shutting off the electric motor. 
Naturally, as soon as the circuitis cut, 
the heating coil ceases to work, being 
in series with the rest of the electrical 
line, and the solder will resolidify so 
that when the housewife pushes the but- 
ton back in, the outfit will work as be- 
fore. This particular design was prac- 
tically universalinthe domestic models 
during the 1930’s; for that reason its 
operation and adjustment should be 
very well understood. 


SEMI-AUTOMATIC 
DEFROSTING CONTROLS 


6-11. 


During the late thirties, various de- 
vices were introduced incorporating 
semi-automatic defrosting. The devices 
were made to do the following: (1) de- 
frost the unit, when the housewife 
presses the button, and then return to 
ordinary operation automatically. The 
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| 
housewife has only to start the defro 
ing; the rest is automatic. (2) Raise the 
range fixed definite amount by pressing; 
a button. With this action, the cooling, 
coil will run at a warm enough temper- 
ature to permit defrosting, but will stil] | 


6-10. A combination temperature control and defrosi 
control. The defrost range adjustment and the temper! 
ature control range adjustment are shown on the case! 

(Ranco, Inc.) [ 


i 
give satisfactory refrigeration. (3) A 
third system incorporates a clock ar< 
rangement that will automatically (by 
time) start the defrosting and returr 
the control to normal operation auto= 
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6-9. A semi-automatic defrosting motor cotrol. 
(Kelvinator Div., American Motors Corp.) 
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-I1. The wiring diagram for hot gas defrosting using 
the combination control. 


aatically. This latter type 
perates once every 24 hours. It is 
ully automatic. 

A sample of the manual defrost is 
hhown in Figure 6-9. The range adjust- 
nent is the long screw with a moving 
ut. This nut is fastened to the switch 
control rod by means of the operating 
joints adjusting spring. This springisa 
pension spring. The differential adjust- 
nent controls the distance the toggle is 
lowed to snap open; therefore, it ad- 
asts the cut-in point. 


usually 
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-12. The wiring diagram for an electric heater defrost 
system using a combination control. 
(Ranco, Inc.) 


The defrosting switch when turned to 
the left inthe figure, puts a load (spring) 
on the lever extending from the lever 
that the bellows presses against. There- 
fore, the bellows pressure must be 
higher (meaning a higher temperature) 
to make the contact points snap closed. 
When the lever does move the defrost 
switch knob, it returns this knob to its 
normal operation setting (to the right). 

The present day refrigerators which 
use manual defrost frequently use a 
double capillary tube control, Figure 
6-10. This control uses a power ele- 
ment for normal cycling and the other 
is a cut-in control for the defrost. The 
defrosting is started by the housewife 
pushing the control knobin. This move- 
ment opens the motorcircuit and closes 
the circuit to either a defrost solenoid 
(hot gas) or electric heater elements. 

When the coils are defrosted, the de- 
frost capillary tube will create enough 
bellows pressure to open the defrost 
circuit and return the control connec- 
tions to the motor circuit. 

A wiring diagram of the control 
connected to a hot gas defrost system 
is shown in Figure 6-11. The connec- 
tions used for an electric defrost sys- 
tem are shown in Figure 6-12. 

The hot gas method of defrosting 
uses a solenoid valve to open and close 
the by-pass from the compressor dis- 
charge to the cooling coil. Figure 6-13 
shows the valve equipped withconnect- 
or lines. This valve is similar to the 
solenoid valves used to control refrig- 
erant flow in secondary systems of 
two-temperature refrigerators. This 
valve must be mounted in a vertical 
position to function correctly. Figure 
6-14 shows the solenoid valve installed 
in a hot gas defrost system, while 
Figure 6-15 shows it installed in a 
secondary refrigeration system. 

Some refrigerators use two separ- 
ate controls. One control isthe regular 
thermostat while the othercontrolis the 
manual defrost control. Figure 6-16 
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ren 


CAPILLARY TUBE 


illustrates such a specialized control. 
It can be used with either the hot gas 
or electric defrost systems, The con- 
trol is designed to prevent the defrost 
cycle from starting if the bellows loses 
its charge. 


6-12. FULL AUTOMATIC DEFROST 
CONTROLS 


There is a considerable number of 
refrigerators that havea standard tem- 
perature position to the cabinet and a 


6-13. A solenoid valve used with thermostats for either 
hot gas defrosting or secondary system control. 
(Ranco, Inc.) 


frozen foods section. These two pur- 
pose cabinets have necessitated a new 
series of motor controls. First, con- 
trols had to be developed that would 
give correct temperatures in both sec- 
tions. Second, these controls were also 
developed to produce complete auto- 
matic defrost conditions. 

Several different types of controls 
have been developed. Frozen foods 
compartments were first used in do- 
meStic refrigerators during the late 
30’s. However, these units used a motor 
control operated only by the frozen 
foods coil and overflow from this coil 
refrigerated the standard section ofthe 
cabinet. One company solved the prob- 
lem by usingtwo Separate refrigerating 
units, each with a motor control. A 


HEAT EXCHANGER 


6-14. A hot gas defrost system using a solenoid valve. 
The valve is open and the hot gas is passing directly 
from the compressor to cooling coil. 

(Ranco, Inc.) | 


modern motor control is shown in Fig- 
ures 6-17 and 6-18. 

The automatic defrosting mechan- 
ism is operated onthree different basic: 
means to determine defrosting time.. 

1, An electric clock which defrosts: 
the unit at certaintime intervals.. 

2. A device which defrosts the unit. 
based on the number of times the: 
refrigerator is opened. 

3. A clock which runs only whenthe 
unit is running, and which de- 
frosts the unit after several hours 
of accumulated running time. 


6-13. DEFROSTING CLOCKS 


To ease the burden of the housewife 
and to permit more efficient operation 
of the refrigerating unit, several com- 
panies now have defrosting clocks as 
standard equipment on their domestic 
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refrigerators. One of the first refriger- 
ators to use this device was the Sparton 
refrigerator of 1933 through 1935. The 
Clock is of the self-starting electric 
type that is connected permanently 
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6-18. The wiring diagram of an automatic defrost. The 
top illustration is for an electric defrost system (the 
motor circuit is broken during the defrost time). The 
bottom diagram is for hot gas defrost (the compressor 
continues to run). 
(Ranco, Inc.) 


across the plug connections. The clock 
opens contact points in the thermostat 
circuit for approximately two hours, 
usually starting at midnight. 

In addition to these refrigerators 
with built-in defrosting clocks, clocks 
are available forany make refrigerator. 
They are installed by plugging them into 
the power outlet and then connecting the 
refrigerator extension cord into the 
clock. Figure 6-19. 
| . Cabinets with frozen foods compart- 
6-15. A secondary system using a solenoid valve to : ; 

‘control the temperature in the plate by by-passing the ments will collect excessive amounts 
| plate on temperature drop. of ice and frost on the low tempera- 
1 (Ranco, Inc.) ture coil, and manufacturers have de- 
| a veloped means to defrost these coils 
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defrost Ji 


5-16. A separate defrost control that is used in addition 


to the regular thermostat. 
6-19. A defrosting clock that can be connected to the 


6-17. A full automatic defrost control. A. Electric motor power circuit of any domestic refrigerator. The clock is 
inspection hole. B. Range adjustment. a 24 hour unit and the defrost interval is adjusted on 
(Ranco, Ine.) the right. 


(Paragon Electric Co.) 
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quickly without warming the food. Hot 
gas defrost systems and electrical 
heating elements are the two basic 
means used. 


6-14. THE WIRING 


Figure 6-20 is the complete ex- 
ternal electrical circuit of a hermetic 
refrigerating mechanism without a con- 
denser fan motor. The wire is strand- 
ed, usually of No. 14 wire size, and is 


6-20. A’wiring diagram of the external circuit of a 

hermetic refrigerating mechanism without a fan motor. 

A. Two wire extension cord; B. Junction box; C. Relay; 

D. Capacitator; L. Light; T. Thermostat; M. Motor. 
(AIRSERCO Mfg. Co.) 


rubber insulated. The extension cord 
must be tightly fastened to the plug. 
The other end of the cord is connected 
to mechanical terminals in the junction 
box. Frequently this junction box is part 
of the starting relay or is under the 
same metal or plastic cover. The wires 
are usually fastened tobrass terminals 
moulded in plastic, and small brass 
screws of 10-32 or 8-32 threads are 
used to hold them tight. These connec- 
tions must be tight, or they will cause 
too much voltage drop (resistance). 
Some terminals are of the spring clip 
type. 

When these relay covers or junction 
box covers are opened, there seems at 
first to be an endless number of wires 
connected to the junction terminals. 


But when it is remembered that the 
power source, the thermostat, and the 
interior light each have two leads, while 
the motor has three leads, the number’ 
of wires is understandable. 


4 


termine whether or not the full voltage 
pressure is reaching the motor. This is 
done by placing a voltmeter across the 
leads of the motor. 

The wires usually have soldered or 
clamped terminals. These terminals 
must be in good condition. A very 
handy tool is a screwdriver with an 
external or internal clamp so that the 
screwdriver can be used for both hold- 
ing the screw as it is being started in 
the threaded hole, or as it is being re- 
moved from the hole. Just wrapping 


THERMOSTATIC CONTROL TESTER 


6-21. An electrical wire terminal replacement set (pliers 
and clips). 
The most important feature is to de- 
L 


6-22. A thermostatic testing unit. The refrigerant cylin 
der connects to the knurled nut on the left. The contre 
thermal bulb fastens to the tester just back of the mer 


cury bulb of the horizontal thermomefer. 


loose ends of stranded wire aroun 
these screws to make a connection ii 
an inefficient and an unsafe practice 
Such connections work loose and loos: 
strands sometimes short other termin 
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als. It has been proved that old wire 
oses some of its conductivity, and the 
nsulation loses its qualities. It is re- 
sommended that old wiring be replaced, 


1-23. A thermostatic testing unit being used to test a 
thermostatic expansion valve. 


lire terminals that may be put on with 
pair of pliers are onthe market. Fig- 
re 6-21, 


-15. THERMOSTAT TESTING 


A method of checking and adjusting 
thermostat is shown in Figure 6-22. 
consists of a clamp for the thermo- 
itat bulb, avery accurate thermometer, 


pe 
WHITE 
RED OR GREEN 


MOTOR CONTROLS 


and a small cavity for refrigerant. With 
this instrument mounted onthe thermo- 
stat bulb and the cavity charged with 
liquid Freon 12, the little screw for 
adjusting the boiling pressure, and 
therefore the temperature of the Freon 
12, the bulb temperature canbe quickly 
and accurately lowered and raised to 
ascertain the adjustment of the control 
and to readjust it if necessary. Figure 
6-23, 


6-16. ELECTRICAL CIRCUITS 

The electrical circuits of the late 
model refrigerators are very similar 
to one another. The main portions of 
the electrical system are: 

a. Motor 

b. Motor control 

c. Starting switch 

d. Cabinet light and switch 

Two other devices used quite fre- 

quently are: 

a. Condenser motor fan 

b. Ultra-violet ray lamp 


DooR SWITCH 


Junction Box 
On CABINET 


„SERVICE CORD 


3-24. A complete electrical circuit of a hermetic domestic refrigeration system. This wiring diagram shows a 
compressor, relay, motor control, light and door operated switch. This is a split-phase system. 
(Copeland Refrigeration Corp.) 
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The power is obtained througha rub- 
ber covered extension cord usually of 
No, 14 stranded wire. This cordis con- 
nected to a junction box mounted onthe 
condensing unit. This junction box also 
often houses the starting relay. Athree 
wire cord extends from the junction box 
to the refrigerator cabinet. These three 
wires (white, black and red or green) 
are used for the cabinet light and the 
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6-25. A domestic refrigerator wiring diagram showing 
the wiring for the cabinet light, the electric defroster, 
the motor, the thermostat and the relay. 
(Crosley Div., Avco Mfg. Corp.) 


motor control (thermostat). It is gen- 
eral practice that the black wire is the 

live wire and goes from the plug, up 
to the motor control. The white wire“ 
returns from the motor control down: 
through the junction box into the relay 

and then into the motor. The third wire, 
is red or green and carries the current 

from the light switch and light back to: 
the white wire of the extension cord. 

Figure 6-24, 

A wiring diagram of a domestic re- 
frigerator equipped with light and a: 
semi-automatic electric defrost sys-+ 
tem is shown in Figure 6-25. Aschem-: 
atic wiring diagram for atwo door con-] 
struction refrigerator which has a 
thermostat operated butter warming, 
coil, a mullion heater to stop sweating; 
around the freezer door, a light cir-; 
cuit, and a four terminal 3600 r.p.m. 
motor is shown in Figure 6-26. It is” 
important that these electrical units: 
be tested by using a test light only.: 
Never test them by shunting them out 
as shunting out the resistor or relay» 
for only one or two seconds may per- 
manently damage the motor. ‘ 


6-17. RELAYS | 


It is impractical to use open con-* 
tacts inside a sealed system as they! 
may cause considerable maintenance! 
trouble, and in extreme cases may‘ 
cause decomposition of the chemicals: 
in the system under the influence of an’ 
arc. A satisfactory solution to this 
problem is in the Willaims-Ice- Matic 
in which a Mercoid Switch is used in- 
side the dome. Hermetic units now use 
external circuit breakers or relays. 


‘These relays are usually of the follow- 


ing types: 
1. Magnetic amperage type 
2. Hot wire type ! 
3. Voltage magnetic type i 
The purpose of the relay is to per- 
mit electricity to flow in the starting 
winding of the motor until the motor 
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1-26. A wiring diagram of a four terminal motor-compressor. This unit has three motor windings and operates 
| at 3400 RPM. The capacitor is used in the larger units. 
(General Electric Co.) 
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reaches about two thirds of its rated 
speed, and then to disconnect or open 
the starting winding circuit. See Chap- 
‘er 7 for motor designs. The starting 
winding is only energized for 3 or 4 
seconds at a time. If current flows 
‘through this winding fora longer period 
of time, the winding will overheat. 
Many relays have protection devices to 
orevent the starting winding from be- 
ng abused. 


| 
| 


| sg 
t 


5.27. A magnetic relay system with the unit in the "off" 
| condition. 


6-18. MAGNETIC AMPERAGE 
RELAY 


The originaltype, the magnetic type, 
ises the electrical characteristics of 
‘he motor to operate it. Itis wellknown 
chat the running winding consumes more 
current when the stator is not turning 
dr is turning slowly. As the rotor picks 
ip speed, the magnetic fields build up 


6-28. A magnetic relay with spring loaded points (start- 

ing position). A. Contact points; B. Spring; C. Magnetic 

coil; 1. Starting winding terminal; 2. Running winding 
terminal; 3. Power-in terminal. 


and collapse in the motor, producing a 
bucking or counter electromotive force 
or voltage on the running winding. This 
counter EMF (Electro Motive Force) 
reduces the current draw of the run- 
ning winding. 

The magnetic relay is an electro- 
magnet similar to a solenoid valve. 
Either a weight or a spring holds the 
starting winding contact points open 
when the system is idle, Figure 6-27. 
Then when the motor control contacts 
close and current flows into the run- 
ning winding, the magnetic switch is 
heavily magnetized and lifts the weight 
and closes the contacts or overcomes 
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the spring pressure to do so. This ac- 
tion closes the starting winding circuit 
and the motor will quickly accelerate 
to two thirds or three fourths of its 
rated speed. As it does so, the amp- 
erage draw of the motor decreases, 


OVERLOAD THERMAL CUTOUT 


6-29. A magnetic relay in the open or running position. 

A. Contact points; B. Spring; C. Magnetic coil; 1. Start- 

ing winding terminal; 2. Running winding terminal; 3. 
Power-in terminal. 


the magnetic strength decreases, al- 
lowing the weight or the spring to open 
the contact points. See Figures 6-28 
and 6-29, Most of these relays have the 
overload cut-out incorporated in them. 


6-30. One type of resistance heated or hot wire relay. 
A. Hot wire; B. Running winding bimetal; C. Starting 
winding bimetal; |. Power wire connection; 2. Running 
winding connection; 3. Starting winding connection; |. 
Both connections open—unit has been drawing too much 


current; Il. Starting connection open, unit operating 


on running winding only. 
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6-19. HOT WIRE RELAY 


The hot wire relay is becoming more 
and more popular. It is a device that 
works exceptionally well. The theory 
of this control is that the electrica: 
energy can be turned into heat energy. 
and that it takes time to raise the tem- 
perature of a substance, and also asé 
substance increases in temperature, Ï 
expands. 

The hot-wire relay uses a speciall 
calibrated wire (A) Figure 6-22, of high 
oxidation resistance. 

Two bi-metal strips are mountec 
near this resistance wire. One bi# 
metal strip controls two contact points 
in the starting winding circuit (C), the 
other is in the running circuit (B). Wher 
the relay is closed, both sets of points 
are closed, andas the thermostat points 
close, electricity flows through the hot 
wire along both bi-metal strips andin- 
to both the starting and running windings 
(L). As all this current passes through 
the wire (A), it heats up, and it is ex- 
actly sized so that it heats just enough 
to make the starting winding bi-meta: 
strip (C) bend as the motor reaches its 
proper speed (two thirds to three 
fourths of full speed) and the starting 
winding contacts open (2). The currere! 
going through the hot wire now de- 
creases, and the running winding bi- 
metal (B) does not move enough to open 
However, if the compressor is over: 
loaded, or if for any other reason the! 
running winding draws too much curs 
rent, the resistance wire will heat up 
enough to make the running winding 
bi-metal strip open, and the unit is 
shut off. Because it takes time for the 
hot wire to cool and heat, and also for! 
the bi-metal strips to cool and heat, it 
is necessary to wait for the tempera- 
tures to change before trying to make 
the hot-wire relay function again dur-' 
ing any testing. 

Another type of hot-wire relay oper- 
ates on the same general principle, with 


MOTOR CONTROLS 


an adaptation of wire under tension to 
operate the contact points. Figure 6-31. 
This wire by its tension when cold, 
keeps both sets of, COR points closed 


| ad 


popularity especially inthe larger units. 
It is also called a potential type relay. 
Figure 6-34, This relay looks some- 
what similar to the amperage relay, 


CTE SAN 


CONTACT OPEN 
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POSITION | 


! 6-31. 


STARTING WINDING 


RUNNING WINDING 
CONTACT CLOSED 


A hot-wire relay and its three operating positions. 


BOTH 
CONTACTS 
OPEN 


HOT WIRE RELAY 


1. Starting; 2. Running; 3. Overload. 


(Gibson Refrigerator Co.) 


(1). As the current passes through the 
wire, it heats and expands orstretches 
at avery carefully predetermined set- 
ting, the stretch of the wire opens the 
Starting winding contact points, (2) and 
if the motor should use an excessive 
amount of current, the wire will stretch 
or expand enough more to openthe run- 
ning winding contact points (safety cut- 
out)(3). Some units that use the Delco 
hot-wire relay are Crosley, Gibson, 
Kelvinator, Norge, Philco, Stewart- 
Warner, Tecumseh and Universal Cool- 
er. Figures 6-32 and 6-33 show com- 
plete wiring diagrams of refrigerators 
using hot wire relays. 


5-20. MAGNETIC VOLTAGE RELAY 


The voltage relay is growing in 


but its operation is based on the in- 
crease in voltage as the unit approach- 
es and reaches its rated speed. This 
relay remains closed on the off cycle, 
and this feature is its biggest advan- 
tage, If the points are closed when the 
thermostat turns on the power, there 
should be no arcing of the relay points 
as quite frequently occurs with the 
amperage relay. As the motor speed 
increases, the higher voltage creates 
more magnetism in the relay coil pull- 
ing the contact points apart thereby 
opening the starting circuit. The relay 
coil is connected across the starting 
winding and is made of small wire so 
very little current passes through it, 
thus minimizing the heating of the coil 
and core. 

Three popular relays on the market 
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6-34, Magnetic voltage relay. The points (C) are closed] 
on the "off" cycle due to the permanent magnet or] 
weight {A} on the right of the rocker arm. When the 
unit starts the points will be forced open then the volt-!) 
age increases enough in the coil (B) to pull the points!) 


aoe 
(Copeland Retrigeration Corp.) 
THERMOSTAT 


COMPRESSOR 


6-32. The hot wire relay. The hot wire is located just gre the Delco hot wire relay, The Gen-} 


under terminal L and is horizontal. A very slight length- ‘ 
ening of the wire due to heating by electricity causes the eral Electric amperage relay, and the 


starting points at S to open. T if the wire lengthens Klixon amperage relay. Figure 6-35 
an morei ines poini oe snap open stopping Shows the wiring connections to these 
(Kelvinator Div., American Motors Corp.) three relays. 


THERMOSTAT 


RELAY- 1063390 


(18 V LINE 


Ist SERIES- FUSITE TERMINAL SYSTEM 


6-33. A complete wiring diagram of a refrigerator using a “hot wire" relay. 
(Kelvinator Div., American Motors Corp.) 
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FAN WIRES 
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CAPACITOR 


CONTROL 


POWER 
SOURCE 


LIGHT 
WIRES 


DELCO HOT WIRE 


split phase 
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MAGNETIC G-E 


Ladn1l Power Wires C Post and Control Power Wire 
L andl Light Wires Light Directly across Power Wires 
l and 2 Control Wires Control in Series with Post 4 and 
Land2_ Fan if used Hot Wire 
Mand 3 Running Capacitor if used 4 and5 Fan 
S and3 Starting Capacitor if used 2 and3 Running Capacitor if used 
Rand M_ Running Wire l and 2 Starting Capacitor if used 
C and2 Common Wire Rand3 Running Wire 
S and3 Starting Wire if motor is Cand5 Common Wire 

capacitor start S and2 Starting Wire if motor is 
S andS_ Starting Wire if motor is capacitor start 


S andl Starting Wire if motor ıs 
split phase 


CONTROL 


STARTING 
CA PACITOR 


KLIXON MAGNETIC 


L and2 Power Wire 

L and2 Ligh Wire 

1 and2 Control 

Landl Fan 

T-1 and 1 Then T-3 to common 
motor terminal 

S and Starting Terminal for starting 
capacitor 

lf motor is split phase, starting 
motor terminal is attached direct 
to S on relay 

M to Running Motor Terminal 

If control is not used, use jumper 
between | and 2. 

Note: Posts | and 2 are not on all 

Klixons, but all are interchangeable 


6-35. The electrical wiring connections to three popular relays. 


(Airo Supply Co.) 


21. HERMETIC EXTERNAL 
ELECTRICAL TROUBLES 


It is necessary tounderstand a little 
bout electricity before one can easily 
heck a hermetic system. Electrical 
roubles are actually quite simple and 
an be easily checked. Read Chapter 7. 
is important to remember that volt- 
ge is pressure, and that amperage is 
uantity of electricity. One must have 
oth to have electrical power (watts). 
ust like water in pipes, the wires must 
e large enough to carry the current 
amount). The joints must be good just 
ke in water pipes in order for the full 
.ow of current to take place. 

What is not generally understood is 
tat there is always a loss of pressure 
volts) in a wire as electricity flows 
Jong it. This action is due to a heating 
Eo in the wire caused by the elec- 
con movement as the electrons collide 
“ith each other. Figure 6-36 (I) shows 
water pipe with the inlet valve open 


6-36. Water flow and how it is similar to electricity 

flow. |. Water not flowing with valve E closed, and valve 

F open. All gauges show the same pressure; Il. With 

water flowing, the gauges show a pressure drop. Most 

of the drop is between C and D due to the U bend 
in the pipe. 


and the outlet valve closed. The pres- 
sure is produced by the water pumps. 
The pressure is the same throughout 
the system. When the outlet valve is 
opened and water flows, the pressure 
drops. Notice that it drops a little for 
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each distance. This pressure drop in- 
dicates the energy lost pushing the 
water that distance. Between gauges C 
and D the pressure drop is greatest, 
because additional effort is needed to 
push the water around the fourbendsin 
the pipe. 


6-37. Electricity flow showing how potential (pressure), 
resistance, and potential (pressure) drop operate in a 
system. |. Electricity not flowing with switch | closed 
and 2 open. Pressure to ground is 110 volts, but other 
pressure drops are 0; Il. Electricity is flowing with 
switches | and 2 closed. Pressure drop at A, B, and D 


is | volt each and the resistance at Chas a 107 volt drop. 


In Figure 6-37 a similar setup is 
drawn, but this time for an electrical 
system. It is important to remember 
that electricity is furnished by elec- 
trical companies either at a 110-volt 
pressure or at a 220-volt pressure. 
This electricity comes into the build- 
ing as one white wire and one black 
wire for 110 volts. It is wired so the 
white wire is also connected to the 
ground. The black wire is the hot wire, 
and a voltmeter between it and ground 
will show 110 volts. The 220-volt cir- 
cuit usually consists of three wires; 
two black and one white. The voltage 
pressure (voltage) between the two 
black wires is 220 volts while the pres- 
sure between either of the black wires 
and the white wire is 110 volts. Fre- 
quently, however, the white wire and 
black wire in a building become con- 


fused, and one must use a voltmeter 
or test light to indicate which wire is 
hot and which is the ground wire. 

As most electric refrigerators are 
plugged into wall receptacles, it may 
not be known which lead or wire is hot. 
Reversing the plug will sometimes min- 
imize radio noise and, in some ex- 
treme cases, even cause the unit t 
operate better. In Figure 6-37 a black 
wire extends from the switch at point 
G to the right side of the resistance, 
light bulb or motor at point C. Th 
switch at point (1) is closed, but th 
one at point (2) is open. The potential 
or voltage is 110 volts up to the num- 
ber 2 switch. However, no electricity 
is flowing (open circuit) and, there- 
fore, there is no voltage drop along the 
line. Voltmeters A, B, C and D show 
no voltage (there is no pressure dif- 
ference between their connections to the 
main line). The voltmeters at E, F, anc 
G show the full 110 volts, because thai 
is the pressure difference anywhere 
along the line and the ground. In Part I] 
the switch at (2) is closed and curren 
starts to flow through the circuit (clos: 
ed circuit). Note that now there is é 
small voltage drop at A. This voltage 


6-38. The two types of test lights. A. This is a light bull 

25 watt heavy duty connected to the two prongs; B. Th 

test light is connected to an electric power source an 

is used to check circuits not connected to a power sourc 
(Franklin Mfg. Co.) 


4 
drop occurs in any line in which cur 
rent is flowing. If the line is larg 
enough, the voltage drop is very sma! 


(.001 to .0001 of a volt). If the line i 
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small for the current flow, the voltage 
drop will be greater. Usually anunder- 
ized wire may be detected by the fact 
that it gets warmer than usual while 
current is flowing. The voltage dif- 
ference between the liné and the ground 
is less at F and E because of the volt- 
age drop in the line upto these measur- 
jing points. At C the voltage drop is 107 
volts, the remaining pressure differ- 
‘ence between the hot wire and the 
‘ground, Note that if there was more 
‘voltage drop at A, B and D, the voltage 
dat C would be less. This is one Serious 
‘source of motor trouble. If a motor is 
-designed to operate at 90 to 110 volts 
sand the voltage drop in the circuit is 
large, the motor voltage may be solow 
¿at the motor that the motor will lose 
¡speed and start slipping its magnetic 
fields. This causes the magnetic fields 
-to grow large at the wrong time, and 
the motor will heat up fast, and it may 
¡even burn up. 
; It is vitally necessary that the ex- 
[ternal electrical circuits of the re- 
frigerator are in good order and of the 
„roper capacity. All the connections 
¡must be good, electrically speaking. 
A) In actual practice a voltmeter using 
several scales and with needle point 
¡eads should be used to check voltages 
and voltage drops. This voltmeter 
should have a 150 volt scale. 


E~ TEST LIGHTS 

One of the best methods to test 
2lectrical circuits without causing any 
jamage is to use a test light. Figure 
5-38. Test light ‘‘A’’ is used where the 
Hevice being tested is connected to 
: ;flectrical power. For example, if the 
Ber ricerator is plugged in and won’t 
itart, this test light is used to deter- 
Baie if power is coming to the wall 
“yutlet. The lighting of the light indi- 
thates power is available up to the wire 
*srobes. If the wall outlet has power 
hen the open circuit is inthe refriger- 


| 


ator. Plug the refrigerator into the wall 
outlet. Use the test light to see if power 
is coming to the end of the extension 
cord that fastens to the junction box or 
relay terminals. Continue this testing 
until the open spot in the circuit is 
found. 

Test light ‘‘B’’ is used to check 
electrical devices that are not con- 
nected to power. This test light is then 
connected to a power source. If the bulb 
lights when the probes are touched to- 
gether, the test light is functioning. To 
use this light put one probe on one end 
of a wire and the other probe on what- 
ever that wire is supposed to connect 
to. If the bulb lights the circuit is con- 
tinuous. 


6-23. SERVICING RELAYS 


The servicing of relays is mainly to 
determine if they are defective, and 
then to replace them with an exact re- 
placement. These relays are very ac- 
curately designed to fit the unit. The 
wire size, the contact point area, and 
the spring tension or weight plus the air 
gaps must be very accurately set. A 
very Slight difference in weight or 
spring tension, for example, may ne- 
cessitate a hundred revolutions differ- 
ence in the functioning time of the 
points if they function at all. The most 
effective way to determine if the relay 
is causing the trouble is to check all 
the other parts of the circuit, i.e., the 
motor, the capacitor, the overload cut- 
out, and the thermostat. 

It is very necessary to keep the re- 
lay cover in place; never discard it, as 
dust collecting onthe contact points will 
quickly burn the points resulting in too 
much voltage drop across the points and 
poor functioning of the control. The 
weight-type amperage relay must be 
mounted in a straight up and down posi- 
tion so the plunger will not rub and 
bind against the sides ofthe relay body, 
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Figure 6-39. The relay should open in 
approximately three seconds if it is 
functioning correctly, Figure 6-40. 

When replacing the relay, it is im- 
portant to disconnect the power supply, 
to label each wire as itis disconnected, 
and to use the correct size screw- 
driver. The terminals are usually num- 
bered, and a tag or clip on each wire 
with the corresponding number makes it 
easy to rewire the new relay. Masking 
tape is very useful for labeling wires. 
Inasmuch as a dropped screw is some- 
times hard tolocate, itis recommended 
that the screw holding type of screw- 
driver be used. 


6-24. OVERLOAD PROTECTION 


Refrigerating systems must be pro- 
tected against too muchcurrentdrawor 
against overheating. Chapter 7 des- 
cribes these overload devices in detail. 


6-25. TROUBLES 


The troubles that may be encounter- 
ed in thermostats are: (1) corrosion 
occurring at the contact points causing 
a poor electrical circuit, which does not 
allow the motor to run. This trouble may 


6-39. An amperage-magnetic relay. The plastic housing 

contains a magnetic coil with a movable center. Onl 

when current first flows is the magnetism strong Piel 

to raise the center piece and close the starting winding 

circuit. The device at the right is an overload cut-out. 
(Copeland Refrigeration Corp.) 


be remedied by Sanding the points with 
sand paper, not emery cloth, and it is 


6-40. An amperage-magnetic relay. This control keeps 
the starting winding points open by means of a cantilever 
spring. Only when current first flows through the mag- 
netic coil is the magnetism powerful enough to lower 
the spring and close the starting circuit at A." If the 
unit consumes too much current, the resistance wire coil 
"B" will heat and bend the bimetal strip "C" and open ` 
the circuit at "D." | 


(Copeland Refrigeration Corp.) 


advisable to use as fine a grade as can 
be obtained. A very fine mill file may” 
also be used to clean open contact 
points. (2) The overload protection de- 
vices may also have dirty contac. 
points, and poor current flow will re- 
sult. (3) the power element and bellows 
frequently lose their charge throug: 
some leak, This may be detected, be- 
cause, if the charge is lost, the bellows 
are very easily compressed with one’s 
fingers. If the bellows were charged, 
the pressure inside would probably be 
around 75 pounds per square inch or 
more, and finger pressure would not 
affect it. In the event of leakage, re- 
place this part of the switch. (4) Fre- 
quently the bellows is not screwed up 
tightly into the socket, causing a total 
change of temperature range before 
the motor will cut-in and cut-out. The 
servicing of these particular types of 
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switches is rather difficult; itis there- 


fore the best policy simply to replace 
the complete unit. 
The power element must be firmly 


clamped to the cooling coil. Good. 
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„w 
ite. > 


16-26. REVIEW QUESTIONS 


1 


10. 


11. 


What kind of motor control must 
be used with an automatic expan- 
sion valve? Why? 


. In what way are the pressure and 


the thermostatic types of motor 
controls essentially similar? 


. What two purposes does a motor 


control serve? 


. How many types of differential 


adjustments are there? 


. What are thermostatic motor 


control bulbs charged with? 


. Why are starting relays used in 


connection with hermetic motor 
controls? 


. What does the range adjustment 


control? 


. What does the differential adjust- 


ment control? 


. What provisions are built into the 


motor controls to protect the 
motor from drawing too much 
current? 


Will turning the cut-in differen- 
tial affect the cut-out tempera- 
ture? 

Will turning the double type dif- 
ferential affect the cut-out tem- 
perature? 


thermal contact must be obtained be- 
tween the thermal bulb and the coil. 
Many cooling coils have metal sockets 
into which the thermal elements are 


i 


13. 


14, 


15. 


16. 


i. 


18. 
19. 


20. 
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22, 


23. 


24, 


25. 
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inserted. 


Are clocks used to provide auto- 
matic defrosting? 

What is another name fora re= 
lay? 

How many types of relays are in 
use? 

What type screwdriver is re- 
commended for small terminal 
screw handling? 

How may a thermostat be quick- 
ly checked? 

Why is a relay necessary for 
hermetic motors? 

What is the voltage drop? 

Why does a loose connection be- 
come warm? 

Which magnetic relay coil uses 
the largest size wire? 

Does a hot wire relay have to be 
mounted level? Why? 

How should open contact points 
be cleaned? 

Why do the electrical wires have 
different colored insulations ? 

Is the current draw more when 
the motor is starting or when it 
is running? 

Is the voltage drop more when 
the motor is starting or when it 
is running? 
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6-27. ELECTRONIC WATCHMAN 


There is an ever present hazard in 
connection with all refrigerated cab- 
inets or containers. This hazard is 
possible failure of some part of the re- 
frigerating mechanism and the conse- 
quent loss of perishable commodities. 

Quite a number of refrigeration in- 
stallations now include some kind of de- 
vice which warns the owner or operator 
when some of his refrigerated stores 
are warming to a dangerous tempera- 
ture. Many of these devices depend on 
dry cells for their operation. Such in- 
stallations may deteriorate. If the dry 
cells are not replaced periodically 
they may fail to give a warning signal 
when needed. A transistor warning de- 
vice has been developed which requires 
very little currentfor its operation and 
can be depended on to give warning if 


needed. Fig. 6-41 shows a transistor-; 
type warning device designed for use 
with six separate fixtures. i 


t 

6-41. A transistor warning device which will indicate 

trouble conditions by energizing warning lights on a 
temperature rise. 

(Kidde Ultrasonic & Detection Alarms, Inc.) 
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ELECTRIC MOTORS 


The compression type refrigerating 
system must have a power source or 
|energy source to turn the compressor. 
| Many means have been used, such as 
|man power (Boer War in Africa), 
[steam engines, diesel engines, gasoline 
engines, electric motors, etc. The 
electric motor is the most popular for 
the small and medium size units be- 
;cause of its simplicity, quietness, and 
¿ease of automatic control. The electric 
motor changes electric energy into 
mechanical energy. 
| 


7-1. ELECTRIC MOTOR 
APPLICATIONS 


Electric motors used to operate 
refrigerating systems may be classi- 
fied as open motors or sealed-in (her- 
metic) motors. The open motor drives 
the compressor directly or by means 
of a belt. The sealed-in, or hermetic 

motor, is installed inside the com- 
pressor dome and usually drives the 
compressor directly. 


7-2. TYPES OF ELECTRIC MOTORS 


Many types of electric motors have 
been used with refrigerating mech- 
anisms. The most popular types used 
are: 

l. The split-phase motor 


2. The repulsion-start induction 
motor 
3. The capacitor-start motor 


4. The capacitor-start, capacitor- 


run motor 

5, The shaded pole motor 

6. The direct current motor 

The repulsion-start induction 
motors have been used since 1918. 
These were the only motors recom- 
mended for the conventional belt-driven 
compressor until a few years ago. One 
exception was an early Copeland unit, 
which used an induction motor on a 
belt-driven unit and had a centrifugal 
clutch pulley which allowed the motor 
to start without a load. 

Direct current motors are used in 
localities whichare supplied with direct 
current only. 

The capacitator motor is now being 
used extensively in place of the repul- 
sion-start induction motor and it is used 
almost exclusively in the hermetic 
machines with a starting winding to 
take up starting loads. 


7-3. BASIC ELECTRICITY 


Before one can understand motors, 
one must know some basic electricity. 
Electricity is a form of energy. 

All matter is made of molecules; 
all molecules are made of atoms, 
Finally, allatoms are made of electrons 
and protons. Electrons are negative 
charges of electricity. Protons are 
positive charges of electricity. If an 
atom collects an extra electron fora 
moment, it is negatively charged. If an 
atom loses an electron momentarily, it 
is positively charged. The electrons 
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travel from surplus electron atoms to 
an atom with a lack of electrons. 

Electricity is the flow of these 
electrons or negative charges. The 
number of electrons that flow are 
called coulombs (it is calculated that 
6,900,000,000,000 electrons equal one 
coulomb). One coulomb flowing for one 
second equals one ampere. The ampere 
is known as the quantity of electricity. 

If there is alarge excess of protons, 
and electrons move to make up the 
difference; the eagerness with which 
they move or their desire to move, it 
is called voltage or pressure differ- 
ence, 

Electric current consists of elec- 
trons traveling in a conductor either 
solid, liquid, or gas. Electrons are the 
revolving particles of an atom. They 
revolve around a center made of pro- 
tons. Electrons are attracted by pro- 
tons. Therefore, electrons will flow 
toward a substance that is temporarily 
short of electrons (has an excess of 
protons), 

Electricity can be created from the 
other energies such as heat energy, 
mechanical energy, etc. Any method 
which produces an unbalance in the 
electrons or protons causes an elec- 
trical potential. 

Electricity is related to magnetism. 
If a wire cuts a magnetic field, elec- 
tricity is produced in the wire, and 
conversely, if electricity is passed 
along a wire, a magnetic field is 
created around the wire. By correctly 
using the magnetism created by elec- 
tricity, we can make an electric motor 
(turn electrical energy into mechanical 
energy) or an electro-magnet (solenoid 
valves, relays, etc.). 

Electrical engineers and scientists 
have established standard voltage sys- 
tems for use in homes and industry. 
Most systems operate at a 115 volt 
pressure difference and in some areas 
at a 230 volt difference. This pressure 
difference permits substantially built 


electrical apparatus to operate fairly 


efficiently. 
L 


There are two kinds of electricity 
used today. Direct current (D.C.) means | 
that electricity flows in one direction at 
all times; alternating current (A.C.) 
means electricity that for one instant 
flows in one direction in a wire, and in 
the next instant flows in the other 
direction. Normally A.C. cycles each 
one sixtieth of a second (60 cycle).. 
This cycle means that for 1/120 of aj 
second the current will flow in one: 
direction and for 1/120 of a second itl 
will flow in the other. 


7-4. VOLTS 


The desire of electricity to flow is“ 
called electro-motive-force and is in- 
itialed EMF.(E) The unit for EMF is, 
volt. A dry cell has an EMF of 13 


LAMP 


BATTERY 


‘ 


7-1. A simple electrical circuit with a one cell battery, I 


two wires or conductors and one lamp. i! 


volts, a wet cell has an EMF of 2.1 
volts, and most household electricity, 
has an EMF of 115 volts. . 


7-5. AMPERES 


The number of electrons flowing in 
the conductor is called coulombs. If 
one coulomb flows or drifts along a 
conductor each second, this rate of 
flow is called amperes and is the 
intensity (I) of the electricity. Ampere 
flow is also known as current. 
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(7-6. RESISTANCE 


. The difficulty that the electrons 
iencounter drifting in a, conductor is 
‘called the resistance.(R) Energy is 
wasted by this resistance and is re- 
vealed by the heating of thé conductor 
jas the electricity flows init. The unit 
‘for resistance is the ohm. If it re- 
jquires an EMF of one volt to cause a 
current intensity of one ampere to 
flow, the resistance of the conductoris 
one ohm. 


4 OHM’S LAW 
| 


The relationship between the volt, 
the ampere, and the ohm is known as 
‘Ohm's Law. It has been found that if a 
wire one foot long will allow one 
lampere to flow with an EMF of one 
volt, this same wire will allow two 
‘amperes to flow if the EMF is two 
volts. Therefore, it seems that the 
‘EMF is the product of the intensity 
(amperes) times the resistance (Ohms) 
or: 


EMF “intensity X resistance. 


EZIR 

and therefore I -E 
| R 

and therefore RZE 
I 


One may learn from this basic law 
that if the resistance stays constant, 
the current can only be increased by 
increasing the voltage. Also, if the 
resistance becomes very small in a 
circuit, the amperage will become very 
high. For example, a 1/3 H.P. motor 
draws 4 amperes. 

E ZIR 

iho = 4 x 30 

If a short occurs so the resistance is 
reduced to 5 ohms, the current must 
increase to 23 amperes, and if the fuse 
doesn’t ‘‘blow,’’ the motor windings will 
become too hot as they try to carry 
this excessive current, and the insula- 
tion will burn up. 
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7-8. CIRCUIT 


An electrical circuit is a complete 
path or paths for the electrons to follow. 
It might consist of abattery, two wires, 
and a lamp. When the wires are con- 
nected from the two lamp terminals to 
the two battery terminals, the lamp will 
light, indicating that current is flowing 
out of the battery along the wire, 
through the resistance in the lamp, and 
back to the battery along the other 
wire, Figure 7-1. 

To have electrical flow one must 
have a circuit. Acircuitis anelectrical 
flow that leaves an electrical source 
(battery, generator, or induction coil) 
and returns to the same source. Con- 
tinuity is the term applied to a con- 
tinuous path for the electrical flow. 

When the circuit is complete, it is 
called a closed circuit, and there is a 
complete path for the electrons to 
follow; or it may mean a continuous 


7 
ELECTRON 
FLOW = 


7-2. Showing the relationship between electron flow 
and magnetism. 


circuit. The closed circuit is known as 
having continuity. An open circuit is an 
interrupted circuit meaning one withan 
open switch or a broken wire. A short 
circuit is that condition where the 
electrons have a short cut to follow to 
get back totheir source. Asanexample, 
a small wire could be put across the 
terminals of the lamp. Because most 
of the electrons flow along the path of 
least resistance, the wire will now 
carry most of them, and the light will 
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go out. The amperage flow will greatly 
increase (because of a decrease in 
resistance), and usuallytrouble occurs. 
Another more common example is the 
touching of twoadjacent wires. A ground 
is where a wire touches some of the 
metal structure of the device. An 
example is a bare field winding wire 
touching the frame of the motor. 


7-3. Generation of current. The wire loop (I and 2) is 
turning clockwise. As the wire near the N pole cuts the 
lines of flux, the flux is bent clockwise around the wire. 
As the wire near the S pole cuts the flux lines the lines 


bend around the wire contra-clockwise. The left hand 
rule then determines direction of electron travel (broken 
arrow lines). When the.loop turns !/⁄ revolution or 180°, 
the wire (1) will now bend the flux lines and produce 
current flowing in the opposite direction. 


7-9. ELECTRO-MAGNETS 


All magnets have two poles or areas 
of magnetic intensity. These poles have 
unlike magnetic characteristics. They 
are called North and South poles dueto 
the fact that the magnetic poles of a 
compass are attracted to the Northand 
South magnetic poles of the earth. Like 
poles repel each other (two South poles 
or two North poles). Unlike poles 
attract each other (a South pole is 
attracted or pulls toward aNorthpole). 

If a wire is coiled around a steel 
core (of a good magnetic material), and 
current is passed along the wire, the 
core becomes magnetized. 

Figure 7-2. The power of the mag- 
net is controlled by the number of 
turns of wire around the core and by the 
number of amperes flowing along the 


wire. A soft iron core increases the 
power of the magnet as it aids the 
magnetic lines of flux to concentrate 
in the core. The core is made of layers! 
of soft iron, because these layers keep 
internal magnetic circuits to a mini- 
mum, and these localized eddy currents: 
prevent overheating of the magnet. 


7-10. DIRECT CURRENT 


There are electrical circuits in 
which the current flows in one direction; 
all the time. This direct current is the/ 
type of current that is produced by dry) 
cells, storage batteries, etc. Some 
power companies still produce and 
sell direct current (D.C.), butits useis 
fast disappearing in the electrical 
power industry. 


7-11. ALTERNATING CURRENT 


; 
When the current first flows in ong, 
direction along a conductor and ther 
reverses itself and flows inthe opposite 
direction along the same wire, the 
current is saidtoalternate its direction 
of flow. Alternating current (A.C.) ig 
the type of current that all generators 
produce, because the wires of the 
generator first cut the magnetic field i} 
one direction and then in the othe; 
direction, thus producing an alternat 
or opposite flow for each revolution o“ 
for each magnet passed, Figure 7-3. 


7-12. CYCLES | 


If the electricity flows for 1/. 
second in one direction and then fo, 
1/2 second in the other direction in il 
wire, it is called one cycle. Mos 
electricity is created at 60 cycles 
which means that in one second thí 
electricity flows 60 times one way an 
60 times the other, or 1/120 of asecon 
one way and then 1/120 second th, 
other way. 
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This reversal of the current flow 

| can be shown by a graph, Figure 7-4. 
wee This drawing shows a sine wave of 
60 cycle alternating current. 
\ Note that the current flow is zero 
at the start and that thé current builds 
ito a peak (the wire is now perpendi- 
| cular to the magnetic lines of force). 

Then the current tapers off to zero at 
_the end of 1/120 of a second. As the 
| wire crosses the magnetic lines in the 
| opposite direction, the current in- 
| creases again, but in the opposite 
| direction. At the end of 1/60 of a second 
| the current flow is again 0. The cycle 
| will now repeat itself. 


| 7-13. INDUCED MAGNETISM 
A property of magnetism is that it 
produces magnetism in some other 
metals near it, Figure 7-5. 
In this figure, the permanent magnet 
,is surrounded by its magnetic field, but 
|the mild steel piece has no magnetism. 
‘If the mild steel piece is put near the 
| permanent magnet or is touching it, it 
|too becomes a magnet. Thus any mater- 
‘ial that is able to be magnetized will 
(become a magnet if immersed in a 
|magnetic field. It must be remembered 
ithat a magnetic field’s power decreases 
as the square of its distance from the 
‘source; that is, a magnetic fieldis four 


18° 


DEGREES OF ROTATION 
_| 7-4. A graphic picture of the flow of 60 cycle current. 
| The peaks of the curve are those times when the con- 


| ductor is moving at right angles to the magnetic lines 
of force. 


MOTORS 


times stronger, 3 in. from a magnet, 
than it is 6 in. from it. (6/3)? = 22 =4. 
Or if it is nine times as strong at 3 in. 
away as at 9 in. (9/3)2=32=9. 

This magnetic inducing orinduction 
is used inelectric motors by making the 
rotor of mild steel, etc., where mag=- 
netism is induced by the magnetism of 
the stator magnets or field windings. 

Induced magnetism is useful in 
electric motors, because, by putting 
electrical windings on the field poles, 
magnetism can be created or induced 
in the rotor. There is a very slight 
time delay in this induction, and, there- 
fore, if the rotor is once started 
turning, the rotor will continue toturn, 
because the field pole (stator) is always 
opposite in polarity. By the time the 
field pole changes its polarity, it in- 
duces an opposite pole in the stator, 
which repels the rotor pole toward the 
next stator pole, which has become an 


2 


7-5. The magnetic fields surrounding magnets. A. Lines 

of force from N to S; B. A mild steel nonmagnetized 

steel bar; C. Magnetism induced in the mild steel bar; 
D. Another sample of induced magnetism. 


opposite pole. The rotor will turn 
almost the full distance between the 
two poles before the induced magnetism 
can be changed. It is also important 
that the magnetism takes time to build 
up to its magnetic strength because of 
the 1/120 of a second it takes the 
magnetism to change from full strengtr 
N to a full strength S pole. 
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7-14. THE ELEMENTARY ELECTRIC 
MOTOR 


Electrical energy can be changed to 
mechanical energy in a device called 
an electric motor. This change is pro- 
duced by changing the electrical energy 
into magnetism. Because like poles 
repel (N repels N and S repels S), and 
because unlike poles attract (Nattracts 
S and S attracts N), one can produce 
motion by putting one magnet ona shaft 
and mounting another in a fixed posi- 
tion. 

Figure 7-6. The bar magnet on the 
shaft will turn until its S pole is close 
to the fixed N pole, and the shaft bar 
magnets N pole is near the fixed Spole. 
Because the fixed magnets are station- 
ary, they are called stator; because the 
other magnets rotate, they are called 
the rotor. 

The rotor will now stay in the 
vertical position unless something is 
changed. If the magnetism ofthe stator, 
or of the rotor is now changed, the 
shaft will rotate another 1/4 turn. 

The magnetism is changed by using 
electro magnets instead of permanent 
ones, Figure 7-7. Now, when the rotor 
reaches the vertical position, the alter- 
nating current reverses, due to its 


“el 


7-6. How a magnet mounted on an axis will turn when 
put in another magnetic field. 


cycling, and the stator polarity re- 
verses. The stator N pole is now near 
the rotor pole, and they will repel each: 
other. The S pole of the rotor is now: 
near the S pole of the stator, and they 
will repel each other. The rotor will 
now turn or revolve one half a revolu- 
tion or 180 degrees. If the rotor turns. 
1/2 a revolution during 1/2 of 60! 
cycles, then it turns 1/2 turn during; 
1/120 of a second. It will then turn 60! 
revolutions per second or 60 x 60. 
seconds, 3600 revolutions in one minute. 

If four poles are used in the stator, 
the motor will only turn 1800 revolu-: 
tions per minute, because the rotor will 
only turn 1/4 of a revolution in 1/120 
of a second, Figure 7-8. 


| 
7-15. THE MOTOR STRUCTURE 

Before each type of motoris studied, ' 
it is necessary to know the physical: 
make-up of the motors. 

The two main parts of a motor are 
the stator and rotor. The stator is 
also known as the frame. This frame. 
is usually cylindrical in shape. The 
field poles which have the field windings 
on them are usually fastened to this 
stator and are a part of it. The identi- 
fication plate is also mounted on the, 
stator. The mounting deviceis mountes 
on the stator. 

The rotor is the revolving or rotat ( 
ing part of the motor. It is sometime“, 
called an armature. This rotor i. 
mounted on a shaft and the shaft i 
equipped with two journals for thr 
motor bearings. ; 

The ends of the motor usually hok, 
the bearings which the rotor shaft turn: 
in. These end bells or end plates ar 
fastened to the stator or frame. The ent 
bells are carefully lined up to tht 
stator because the bearings must bi 
accurate to provide .001 in. to .002 in 
clearance between the field poles an 
the rotor. The motor bearings ar 
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7-7. How electricity can be used to produce the stator 
'magnetism and turn the magnet mounted on an axis. 
j 

‚designed to provide for the end play of 
‘the rotor. These bearings are common- 
ly made of brass or bronze. Very often 
the refrigerator dome is the stator, and 
the compressor bearings also serveas 
the motor bearings in hermetic units. 


7-16. INDUCTION MOTORS 


| Induction motors have no windings 
on the armature. The turning ortorque 
He produced by induced magnetism. 
Practically all motors are a formofan 
‘induction motor. One or more field 
windings are placed on the stator and 
as the alternating current passes 
through these windings it induces a 
magnetic field; this magnetism in turn 
passes through the armature inducing 
an electrical current and an opposite 
magnetic field in it so it revolves as it 
attempts to keep up with the changing 
field polarities. 
To start these motors in the same 
direction each time, an exciter, or off- 
center field pole is put in the stator, 
"and a centrifugally operated switch 
| allows the current to go through this 
‘soil only when the motor is stopped or 
i running slowly. Induction motors placed 
inside the hermetic machines use two 
aid windings: (1) a starting winding, 
2) a running winding. An external 
’ relay is used to disconnect the starting 


winding as soon as the motor reaches 
approximately 75 per cent of its full 
speed, 


7-17. CONVENTIONAL SYSTEM 
MOTORS 


There are two main types of motors 
used to drive the open model com- 
pressors. These motors are usually 
connected to the compressor by means 
of V- belts. The speed reduction is 
usually about three to one. This reduc- 
tion means that the compressor fly- 
wheel is three times larger than the 
motor pulley diameter. 


© 


OTHER É CYCLE 
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7-8. A four pole stator and how it produces one quarter 
turn of the armature as the current reverses in the field 
windings. 


The two types of motors are: 


1. The repulsion start-induction 
run motor Figure 7-9. 
2. The capacitor start-induction 


run motor. 


7-18. MECHANICAL DESIGN OF 
OPEN MOTORS 


The conventional motors are all 
very Similar in design. The statorisa 
piece of mild steel rolled into a cylin- 
der and welded. The ends arecarefully 
machined in relation to the machined 
inside surface of the stator. Field poles 
also made of mild steel are attachedto 
the stator by means of large counter 
sunk machine screws. 
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7-9. A repulsion start-induction run motor. A !⁄ H.P. 
motor with a rigid motor mount one quarter cross section. 
(Wagner Electric Corp.) 


Iron end bells or end frames are 
carefully fitted to the stator by means 
of machine screws. Some of these 
machine screws extend the length of the 
stator and attach the two end bells 
together. The machined face of the 
stator and the end bells insure perfect 
alignment, These end bells hold the 
rotor bearings (they are actually bush- 
ings) or hold the ball bearings in which 
the shaft revolves. The bronze bushings 
are lubricated with No. 30 SAE or 300 
viscosity oil. 

One of the end bells also holds the 
brush mechanism or centrifugal switch 
mechanism. The other end bell has a 
through bushing, and the rotor shaft 
extends through this bushing and is 
carefully machined to the shaft dia- 
meter. This shaft extension also has a 
flat keyway machined init, or it hasa 
flat spot machined for an inch ortwoof 
its length. The pulley fits on this shaft 
extension, and a key or a set screw 
prevents the pulley from slipping onthe 
shaft. 


7-19. FOUNDATION 

A solid substantial foundation should 
be provided for the installation of any 
motor. When the motor is mounted 
upon the foundation, it should be bolted 


down securely; when so fastened the 
armature shaft should be level fora 
horizontal motor and should be plumb 
for a vertical motor. 

Refrigeration motors are commonly 
mounted on a steel base which also 
holds the compressor and the con- 
denser. A rubber or spring suspension 
is often used on the motor to reduce the: 
vibration and to take up the starting: 
torque. Some motors are mounted on) 
cradles, and springs are used to give 
automatic belt tension. Aninnovationis: 
to mount the motor on a cradle in such! 
a manner that, as the motor starts, the; 
extra torque loosens the belt, and the; 
belt tension returns to normal when the! 
motor reaches its full speed. i 
! 
7-20. MOTOR LUBRICATION 


Open motors are lubricated in vari-, 
ous ways based on the type of bearing 
used and the position of the motor.. 
Open motors using bronze plain bush- 
ings are lubricated in two different 
ways: (1) Wick system, (2) Slip ring 
system. i 

The wick system uses a well or, 
reservoir in the end bell and a wick 
(cotton or wool yarn) carries oil from 
this well to the top of the bushing any 
shaft. This system permits long ínter- 
vals between servicing bearings, andi 
prevents excessive oiling of the bear. 
ing. ' 
Motors equipped with this systemo 
lubrication, when shipped from thr 
factory, have the cotton or wool yar 
saturated with oil. However, befort 
starting the motor, the oil wells should 
be filled by adding alowly to each oi 
well the amount of oil designated on the | 
tag attached to the motor, or until oi 
appears in the lower oil level cup. 

If the bearing is removed from thi 
shaft, the yarn should be lifted from thr 
bearing before replacing the shaft in thr 
bearing to prevent its being force 
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between the shaft andthe bearing. When 
replacing the yarn, equal amounts 
‘should be packed on each side of the 
bearing, and so located over the slot of 
ithe bearing that the spring on the oil 
|well cover will press the yarn down on 
ithe shaft. Wick lubricated bearings 
| should be oiled every six months. 
Many of the older model refrigera- 
ition motors used the ring lubricating 
jmethod. A brass ring rests on the 
‘motor shaft through a slot in the top of 
ithe bearing. The ring is large enough 
lto dip into the oil pocket below. As the 
jmotor shaft turns, the ring revolves 
islowly and the wet portion lubricates 
ithe bearing. Be sure to check the rings 
when working on these motors. Use a 
medium grade automobile oil for a 
lubricant. 

Some motors use ball bearings. 
These bearings are grease lubricated. 
\Most of them are sealed bearings and 
|do not require any lubrication service. 

Some, however, are equipped with 
grease cups and can be grease gun 
lubricated. These motors when new 
are supplied with enough grease in the 
bearings to lubricate them fora number 
jof months. A small amount of grease 
lshould be added every two or three 
months. Use a high grade ‘‘Medium’”’ 
grease on fully enclosed motors. Too 
‘much grease will overheat the bearings. 
The life of the bearing depends on 
cleanliness. Use only clean grease and 
keep all dirt out of the bearing. Clean 
all the connections before using the 
grease gun. 


| 
7-21. CLEANING THE MOTOR 

The motor in service should be 
‘leaned periodically. Dust and lint in 
he motor will prevent proper air 
rirculating through the inside of the 
notor. Compressed air or a hand- 
yellows should be used frequently to 
low all the dirt out of the motor. Any 


oil which may overflow from the bear- 
ings should be wiped from the motor. 
A little attention in this regard will 
result in continued satisfactory operat- 
ing results and enable the motor to give 
the best service for many years. 

If the motor is dismantled, all the 
parts should be carefully cleaned prior 
to being worked on and priortoassem- 
bly. Cleaning fluids must be used that 
are not harmful to the electrical in- 
sulation material. 

All cleaning fluids should be usedin 
well ventilated and fireproof situations. 
Only sufficient cleaning fluid for the 
job should be used as any excess may 
be dangerous. 


7-22. PULLEYS 


The pulleys that are mounted onthe 
motor shafts are available in a variety 
of sizes and construction. Some are 
made of cast iron and some are fabri- 
cated of steel stampings. They are 


7-10. A standard Vee pulley using a set screw fastening 
device. 
(Maurey Mfg. Co.) 


made with several shaft size openings 
and in a large variety of diameters. 

The pulleys are also made with and 
without fans. 

The most popular shaft sizes are 
1/2 in., 5/8 in. and 3/4 in. diameter. 
Practically all pulley bores have a 
keyway and a set screw. The set 
screw usually has a 5/16in, NC thread. 
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The pulley sizes vary from 2 in. 
diameter to a 5 1/4 in. diameter in 
1/4 in. increments. Larger sizes up to 
15 in. diameter are available. 

The V-pulleys come in two popular 
widths. The ‘‘A’’ width is for belts up 
to 17/32 in. width while the ‘‘B’’ width 
is for belts that are 1/2 in. to 11/16 in. 
wide. 

Multiple groove pulleys are avail- 
able for units that use two or more 
belts to drive the flywheels. Some air 
conditioning units use step pulleys. By 
changing the belt from one groove to 
another, the speed of the fan can be 
varied, 


7-11. A double belt Vee pulley. Both grooves are ad- 


justable and enable a variety of speeds. 
(Maurey Mfg. Co.) 


Special pulleys that are of variable 
pitch are also available. These pulleys 
are made with one half of the pulley 
threaded on the hub of the other half, 
Figure 7-10. A set screw locks the 
variable half in place when itis adjust- 
ed, By turning the variable half, the 
V=- groove can be widened to permit the 
belt to ride closer tothe hub and thereby 
reduce the speed of the driven flywheel 
or pulley. The speed of the driven unit 
can be varied by as much as 30% using 
these pulleys. Figure 7-11 illustrates 
a double groove variable pitch pulley. 

Bushings are available to adapt 
large bore pulleys to small shafts; 
for example, a bushing can be used to 
reduce a 3/4 in. bore toa 1/2in. bore. 
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7-23. BELTS 


The most popular way to drive the 
conventional compressor is to use the 
V- belt. These belts are made of 
rubber, layers of fabric, and cord. 
Some belts are a mixture of natural 
rubber and synthetic rubber. | 

The belts are made ina multitude - 
of lengths varying from as short as; 
15 in. outside length to as long asi 
364 in. outside length. The outside © 
length is the complete distance around? 
the outside of the belt. A steel tape, al 
cloth tape, or a special belt measuring; 
fixture can be used to quickly determine 
the length of the belt. ' 

Most belts areinone of two standard 
widths. This width is the widest or! 
outside width of the belt. The two 
widths are ‘‘A’’ 1/2 in. wide and ‘‘B”’ 
5/8 in. wide. However, many special! 
width belts have been made such as 
33/64, 9/16, 37/64, 19/32, 5/8, 41/64, 
23/32, 3/4, 7/8, 29/32, and 31/32. 

A few applications use the ‘‘C’’ | 
width belt which is 15/16 in. wide. 

In most cases both the flywheel and 
the pulley have a V- groove to fit the 
belt, but some units use a V- pulley. 
and a flat flywheel. The larger size of 
the flywheel permits sufficient traction 
without using a V- groove and by using 
a flat flywheel the belt automatic aM 
aligns itself if the two shafts ar‘, 
parallel. When the motor is belted ta 
the driven machine, it is necessary t¢ 
have both shafts parallel to make the 
belt ride properly on the pulleys. 

Whenever possible, the direction o. 
rotation should be such as to cause the 
pull to be on the bottom side of the. 
belt. 

The belts should be snug but no 
tight. The belt should move about 1/4 
in, out of alignment when pressed witt 
approximately 10 pound force. 


j 


The development of new rubber 
new cording design, and material: 


ELECTRIC 


|, permits the use of smaller cross- 
section belts. It is imperative when 
„installing these belts to be very care- 
ful to adjust for proper belt tension 
and also for alignment. The proper belt 
tension is secured when, the belt will 
, have about one inch play; that is, the 
belt should be loose enough to move out 
of its original line about one inch. The 


| 


“A” SECTION—Nomi- 
nal Dimensions: Top 
width %”, thickness 
S46”, angle 42°. 


(Belts 120” and longer 
have construction as 
shown for “C° Sec- 
tion.) 


“B” SECTION—Nomi- 
nal Dimensions: Top 
width 2142”, thickness 
1345", angle 42°. 


(Belts 120” and longer 
have construction as 
shown for ‘C? Sec- 
tion. ) 


f “C” SECTION—Nomi- 
nal Dimensions: Top 
width 7%”, thickness 
17/50", angle 42°. 


(Belts under 120” in 
length have construc- 
tion as shown for “B” 
section. ) 


7-12. The three standard belt cross-sections for frac- 
tional horsepower drives. 


(Goodyear Tire & Rubber Co.) 
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compressor flywheel and the motor 
pulley must be in line with each in two 
different ways to give long life to the 
belt and to the electric motor. First, 
ithe center line of the compressor must 
be parallel with the center line of the 
electric motor shaft; second, the pulley 
grooves must be in line with each 
other. The reason a poorly aligned belt 
will decrease the life of the electric 
motor is because the motor is not 
designed to stand an end load, and a 
noisy, poorly operating motor will 
| result. 


7-24. MOTOR CONNECTIONS 


Except for reversible and some 


MOTORS 


special motors, motors are usually 
provided with two or four leads for 
connecting the motor to one of two 
different voltages. 

Either 110 or 220 volts (or such 
other corresponding voltages) are 
equally satisfactory, providing the volt- 
age is maintained at the motor ter- 
minals; they may be used on circuits 
having voltage 100 to 120 or 200 to 240 
volts. 

Since it is common practice in the 
installation of small motors to install 
wires with a view to mechanical 
strength, it is recommended that, as 
far as possible, all motors be installed 
to the 220-volt service. If the wires 
are of liberal size, this will result in 
more certainty of good voltage at the 
motor terminals and especially when 
the motor may be overloaded, Figure 
7-12, 

Most repulsion start induction 
motors use four motor leads. These 
leads are connected to field windings, 
two leads to a winding. The windings 
are connected in parallel if the voltage 
used is 110 V. or 115 V. The leads are 
connected in series if the voltage to be 
used is 220 V. or 230 V. Since the 
power is the product of the voltage 
times the amperage, the amperage 
flow using 220 volts is one half of the 
current flow using 110 volts. 


Fan motors and the like are general- 
ly wired for 110 V. to 115 V. only and 
they therefore have only two leads con- 


nected to the field windings. The main- 
tenance of proper voltage at the motor 
terminals is absolutely necessary. Low 
voltage results in a rapid dropping of 
horsepower capacity of any motor, 
since the power that an alternating 
current motor will develop varies 
directly as the square of the voltage 
impressed at the motor terminals. 
Number 14 wires are of sufficient 
size to use with motors up to 4 H.P. if 
the wires are a reasonable length. If 
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the wires exceed 50 feet, a No. 12 wire 
should be used. Loose connections also 
cause excessive voltage drop and area 
fire hazard. Therefore, all the con- 
nections should be soldered orconnect- 
ed with Underwriters Approved mech- 
anical clamps. 

To illustrate how voltage drop 
affects the efficiency of a motor, the 


7-13. The method of wiring a 110-220 volt A.C. motor 
to a 110 volt A.C. line. 
(Century Electric Co.) 


7-14. The method of wiring a 110-220 volt A.C. motor 
to a 220 volt A.C. line. 
(Century Electric Co.) 


following example is typical: a 110- 
volt motor supplied with current at 95 
volts will develop only about 75 per 
cent as much power as it would if 
supplied with 110-volt current. Figures 
7-13 and 7-14 show the most common 
connections for single phase motors. 
Special motors requiring other connec- 
tions are shipped with diagrams and 
instructions showing proper connec- 
tions. 


A 110/220 volt motor is connected 
to a 110-volt line through an across- 
the-line starter. The same connections 
are used to connect a 110/220 volt 
motor to a 110-volt line, etc. 

A 110/220 volt motor is connected 
to a 220-volt line through an across- 
the-line starter. The same connections 
are used to connect a 110/220 volt. 
motor to a 220-volt line, etc. l 

The field winding leads come out of ` 
the motor frame through a drilled 
hole. The wire is protected with a. 
rubber, fabric, or plastic grommet, A 
small metal box is usually mounted | 
over the leads to provide a protected 
place to house the electrical connec- 
tions. 


7-25. FUSES l 


Where a motor is started and stop- 
ped automatically and is installed inan 
out-of-the-way place or controlled 
from a distance, the use of a fuse f. 
having a rated capacity of not more 
than 100 per cent to 110 per cent of the 
rated ampere capacity of the motor is 
recommended. This fuse is of ample 
size to enable a motor to start and 
attain its rated speed fully loaded under 
normal conditions. 


— 


x 


To permit the motor to develop its : 
maximum rated capacity for short! 
periods, and to enable it to start! 
quickly under a heavy or inertia load, : 
when the motor is being started and 
operated under the direct supervision of 
an attendant, a fuse may be used having 4 
a rated capacity of 125 per cent, but in 
no case larger than 150 per cent of the 
rated full load current of the motor. 

The above applies to plug and carte : 
ridge type fuses approved by the Nation- ` 
al Board of Fire Underwriters. Ex- 
perience shows that link and wire 
fuses quite often are unreliable. 

An overload cut-out device con- 
sisting of a heating coil and ratchet 
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throw-out arrangement is often built 
into the thermostat. Also bi-metal 
overload devices may be placed at vari- 
“ous important places in the unit. If 
these parts overheat for any reason, 
the circuit will be pened by the 
bi-metal snap switches*' A plug fuse 
| will not protect an overloaded motor 
adequately, because the fuse must be of 
enough capacity to withstand the start- 
ing load of the motor and if the motor 
draws this extra load long enough, it 
| may burn out the motor. 

| 

| 7-26. REPULSION—START 
INDUCTION MOTORS 


' The repulsion-start induction 
‘motors have long been very popular 
where intermittent operation is needed 
\such as in refrigerators, washing 
machines, oil burners, etc. The motor 
‘is an induction motor with a special 
(winding in the armature to give ita high 
starting torque. The motor starts as a 
‘repulsion motor using brushes and the 
armature winding. As soonas it reaches 
a specified speed, the armature wind- 
ings are shorted, the brushes are lifted 
from the commutator, and the motor 
|operates an induction motor, Figure 
|7-9. 

| These brush lifting motors usually 
[Ihave radial commutators. Some of the 
imotors do not lift the brushes but 
simply short circuit the commutator. 
ISuch motors usually have cylindrical 
commutators. 


| 7-27. REPULSION—START 
, INDUCTION RUN MOTOR 
| PRINCIPLES 


Refrigeration motors for the con- 
ventional units need a high torque at 
‘starting speeds to overcome the inertia 
lof the refrigeration unit parts and to 
[compress the gas from the low side 
pressure to the high side pressure. 

Because the turning moment of a 
‘motor is a function of the magnetism, 


one must either strengthen the magnets 
or increase the number of magnets to 
increase the starting torque. 

The repulsion start-induction motor 
increases the starting torque by in- 
creasing the magnetic strength of the 
rotor magnets. 

The rotor is wound with a number 
of separate coils of wire and the ends 
of these coils are fastened to com- 
mutator bars. Thereis anequal number 
of brushes to the number of field poles, 
These carbon brushes complete the 


7-15. A diagrammatic sketch of a repulsion start in- 

duction run motor C, commutator. The brushes that 

contact the commutator are grounded and complete 
the circuit between the two commutator bars. 


circuit between the two commutator 
bars, and there is a current flow inthe 
coil. Because this current flowcreates 
magnetic poles, the brushes can be 
located so that these magnets can 
repulse the magnetism of the field poles 
and create torque, Figure 7-15. 

When the motor reaches 1/2 to 2/3 
of its standard RPM, a centrifugal 
weight shorts out the bars of the com- 
mutator, short circuiting the current 
flow in the rotor windings. Many motors 
connect this centrifugal device to the 
brushes also, and the brushes are lifted 
from the commutator bars at the same 
time the commutator bars are shorted. 


7-28. COMMUTATOR 


The commutator bars are made of 
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copper, and mica is used as the in- 
Sulation between the bars. There are 
two types of commutators, the radial 
type and the axial or cylindrical type. 

One end of each bar is split, and the 
rotor winding wire is pinched in this 
slot and then soldered. The radial type 
commutator has the bars extending 
down into a hollow cylinder where a 
copper segment mechanism shorts the 
bars when itis moved against them. The 
axial or cylindrical type commutator 
has a short circuiting mechanism 
against the end away from the windings. 
In this type commutator, the brushes 
are not lifted but ride on the commuta- 
tor at all times. 

The commutator surface should al- 
ways be straight and true. It must also 
be clean. Commutator cleaning stones 
are available for cleaning the com- 
mutator. A drop or two of carbon 
tetrachloride will also clean a com- 
mutator that has oil or grease on it. 
NEVER BREATHE CARBON TETRA- 
CHLORIDE FUMES OR ALLOW IT TO 
TOUCH THE SKIN. 


RUNNING \\Q 
MARKS 


7-16. The "Century" method of reversing the direction 
of rotation of their repulsion-start induction motors. 
(Century Electric Co.) 


If the commutator becomes rough 
and burned, it should be cleaned by 
holding a piece of coarse (No. 13 or 2} 
Sandpaper against it with a flat block of 
wood so that the insulation between the 
commutator bars may be cut down toa 
level with the bars, (Never use emery 
cloth or emery paper on any com- 
mutator or brushes.) 


Emery cloth must not be used, as 
the abrasive on the cloth is often a 
conductor; if it collects between the 4 
commutator bars, it may cause themto | 
short circuit. 
7-29. BRUSHES—BRUSH HOLDERS 

The brushes are made of carbon. 
The carbon is available in various . 
hardness, The correct brush is very ' 
important. The spring pressure on the ‘ 
brush must be enough to permit good | 
electrical contact but not enough to} 
cause rapid brush and commutator 
wear. The brushes are normally copper | 
coated to help the electrical con-=: 
ductivity. The brush must fit its holder 
closely but it must be able to move 
freely. The full face of the brush should | 
be in contact with the commutator. New 
brushes are quickly fitted by using 
sandpaper between the commutator and 
the brush with the sandpaper against 
the brush, A slight turning of the com- 
mutator back and forth will sand the 
brush to a form fit. The brushes should 
move freely but still fit closely enough 
to make good contact with the holders. — 
If they do not move freely, they will not’ 
make good contact withthe commutator! 
during the period of starting. Any: | 
brush sticking inthe brush-holders may: 
be due to an accumulation of dirt and: | 
oil. 

The brushes and brush-holders., 
should be inspected occasionally tosee , 
that the brushes have not worn down to 
the point where they are so short that | 
the brush-holder springs cannot press, 
the brushes against the commutator. | 
All brushes should be of the same 
length. The brush-holder should clear 
the commutator at least 1/8 inch. 


7-30. HORSEPOWER CAPACITY 


The motor will carry a greater load 
when running than the load it will bring 
up to speed at starting. However, such 
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loads should not be imposed, since they 
may cause the motor to be pulled out of 
„Step with the line, causing it to slow 

. down and start, again. Such action 
results 
electric circuit in thf armature. This 
causes burning and pitting and produces 
poor contact, which reduces the horse- 
power capacity. 


| If the motor is pulled out of step 
| with the line, it is an indication to the 
, operator that an abnormal overload has 
| been applied, which should prompt him 
to relieve the motor of the overload. It 
is not good practice to overload a motor 
' continually, since motors are usually 
designed to give the maximum effi- 

ciency at full load. A motor out of step 
‚with the line will emit a regular beatin 
‘addition to the usual hum. 


7-31. DIRECTION OF ROTATION 


| 
Except for the reversible motor, the 


‘direction of rotation is changed by 
shifting the brush-holder. See Figure 
, 1-16. This is accomplished by loosen- 
jing the set screw at the side of the 
bearing housing on the commutator end 
of the motor, and moving the pointerto 
rage of the lines or notches at the side of 
the slot. For right-hand or clockwise 
rotation, place the pointer at the line 
marked ‘‘R.’’ For left hand or contra- 
clockwise rotation, place the pointer on 
the line marked ‘'L.’’ The letters “R” 
and ‘‘L’’ do not appear on some of the 
smaller motors. In those cases, move 
the pointer from the middle of the slot 
‘in the direction the armature should 
(rotate and place it opposite the mark 
nearest that end of the slot. The 
‘pointer should be exactly onthe line for 
the best results. 

The method of reversing the motor 
varies with the manufacturer, but the 
fundamentals are the same. The direc- 
tion of rotation of direct current motors 
lis reversed by reversing the leads or 


in making and breaking the 


wires which connect to the field wind- 
ings. 


7-32. REPULSION—START 
INDUCTION MOTORS 
ADJUSTMENTS 


In the great majority of cases where 
the action of a motor seems toindicate 
that there is something wrong with it, 
the actual trouble lies outside the 
motor. Therefore, one should be 
prompted to inspect carefully the re- 
frigerator machinery that the motor is 
driving to see that it is notimposingan 
overload upon the motor, due to the 
amount of work which the machine is 
doing, or due to having developed an 
unusual friction loadin such machinery. 

If the motor is belted to the com- 
pressor, see that there is sufficient oil 
in the bearings, that the shaft turns 
easily, that the shaftingisinalignment, 
and that the belt is not tootight. 


7-33. REPULSION—START 


INDUCTION MOTOR 
TROUBLES 


See that the commutator is in good 
condition, Frequent starting, improper 
fitting of brushes, low voltage, or 
possibly some other reason will cause 
the motor to run on the brushes ex- 
cessively which will roughen the com- 
mutator. To correct this, it is neces- 
sary to sand the commutator with 
coarse sandpaper (No. 13 or No. 2) to 
clean it and keep the insulation level 
with the commutator bars. Use a block 
of wood to hold the sandpaper so the 
high spots may be cut down to a level 
with the low ones. (Do not use emery 
cloth or emergy paper.) When the 
commutator is badly burned, the arma- 
ture should be removed and placed ina 
lathe, where a slight cut should be 
taken off, 

The brushes should fit well in the 
brush-holders, but still be free enough 
to allow the springs to press them 
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firmly against the commutator. Also, 
see that they have a good bearing fit 
against the commutator. 


Be certain that the brushes are long 
enough. It may be that they have worn 
down so that the springs cannot force 
them to make good contact with the 
commutator. 

Examine the setting of the brush- 
holder. The pointer onthe index washer 
should be set exactly at one of the 
running marks on the index plate onthe 
commutator end of the motor. The one 
running mark will give right-hand 
(clockwise) rotation and the other run- 
ning mark will give left-hand (contra- 
clockwise) rotation facing the com- 
mutator end of the motor. 

After the governor has acted, and 
the motor is carrying its load, the 
spring barrel ring should enter the bore 
of the brush-holder far enough so that 
the parallel motion fingers which are 
fastened to the brush-holder should not 
be closer to the commutator than 1/8 
inch. 

Examine the brush-holder and 
spring barrel to see that the spring 
barrel ring does not stick inthe brush- 
holder. This would prevent the brushes 
from dropping back on the commutator 
when the motor stops. 

Note how the motor is connected, 
whether for 110 or 220 volts, and see 
that it corresponds to the voltage ofthe 
circuit to which the motoris connected. 
Be certain the voltage is up to normal 
at the motor terminals all the time that 
the motor is starting and carrying its 
load. 

Examine the governor mechanism. 
It may not operate satisfactorily due to 
the mechanism becoming clogged with 
dirt. An occasional drop of oil on the 
governor mechanism bearing points 
will do no harm. 

The motor winding should be clean- 
ed occasionally so that the dirt ac- 
cumulated will not weaken or rot the 
insulation. 


Storage of the motor in a damp 
place for some time may cause a 
sufficient amount of rust toaccumulate 
to prevent satisfactory operation ofthe 
governor. Examine the short circuiting 
device, The short circuiting segments 
must make good contact between the 
commutator bars and the copper short 
circuiting ring; therefore, it may be 
necessary to occasionally clean the 
inside of the commutator. There will be 
no occasion for trouble at this point 
except for an abnormal accumulation of 
dirt or frequent imposition of loads in 
excess of the maximum capacity of the 
motor. 

Test for short circuits in the arm- 
ature. This may be done as follows: 

1, Disconnect the motor from the 

apparatus it is driving. 

2. Raise all the brushes off the 

commutator. 

3. Close the switch which isusedto . 

start the motor. 

4, Turn the armature slowly by © 

hand. If there are any short 
circuits in the armature, the 


armature will apparently ‘‘stick’? _ 


opposite each pole. The tendency 
to ‘‘stick’’ will be quite pro- j 
nounced, and the armature will. 
turn with a decided jump. If the ' 
armature turns freely, then the’! 
winding is all right. 
Test for short circuits in the field 
winding. This may be done as follows: ' 
1, Raise the brushes off the com- 
mutator. 
2. Close the switch, thus throwing © 
the field winding across the line. 
Leave the switch closed fora few ` 
minutes, 
3. If there is a shorted coil, there 
will be unusual heating in this 
coil. 


7-34. BEARINGS 


Examine the bearings to see if they 
are worn. If the armature is striking 
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the metal of the field, this is a sure 
indication that the bearings are worn 
out and must be replaced. As the clear- 
‘ance between the armature and field 
varies from .015 in. to .030 in., de- 
pendent upon the size æf the motor, a 
bearing should be replaced which shows 
jany appreciable sign of wear, A heavy 
rumbling sound at the time of starting 
usually indicates that the bearing is 
badly worn although the armature does 
not quite touch the field. 

The bearings are most commonly 
imade of phosphor bronze and are 
pressed into the end brackets. Oc- 
casionally these bearings are lockedin 
by a pin pressed through the bearing 
housing and into the bearing. The bear- 
ing must always be pressed inward to 
remove it. Care should be taken not to 
put an angular load on the housing 
when pressing the bearings out, as this 
will probably crack the housing. A 
special tool used to remove and install 
bushings or sleeve bearings is shownin 
(Figure 7-17. After the bearing is 
pressed into the bracket when installing 
‘a new one, the bearing must be reamed. 
It is best to ream the two in line with 
adjustable reamers. The surface ofthe 
shaft in contact with the bearing must 
be perfectly smooth. A scored shaft 
may be repaired in a lathe with the 
use of a grinder in the tool post. 

Hot bearings. The bearing on the 
commutator end of all motors will 
show a normal temperature rise in 
2xcess of the bearing on the pulley end 
because of a lesser forced circulation 
of air around it. However, the tem- 
perature rise should not exceed 40 C. 
or 72 F. above the surrounding at- 
mosphere. Any one of the following 
causes may result in a hot bearing: 

1. Oil which is too heavy. 

2. Oil which is too thin. (Select a 
good grade of mineral lubricating 
oil which is not greatly affected 
by a change in temperature and 

does not foam or bubble too 


freely.) 

3. Dirt or grit in the oil. 

. The belt may be too tight. 

5. The pulley hub may be rubbing 
against the bearing. 

6. The motor may not be properly 
lined up, causing the armature 
shaft shoulder to pull or be push- 
ed against one bearing. 


> 


7-35. GOVERNOR AND BRUSH 
TENSION 


This would indicate that one of the 
following is the cause: 

lst. Low voltage. The voltage atthe 
motor terminals must not be lower at 
any time than that for which the motor 
is wound, if the motor is expected to 
develop its rated capacity. (The power 
an alternating current motor will 
develop varies directly as the square 
of the impressed voltage.) 

2nd. Overload. Frequently in cold 
weather poor oil will be so nearly 
frozen in motor shafts or other bear- 
ings as to cause a heavy friction load. 

3rd. Frequency different from that 
for which the governor spring tension 


7-17. A motor bearing puller and installer. Al. Main 
shaft; A2. Different size bushing puller disks; A3. Take 
up nut; A4. Handles; A5. Main spacer; Aé. Different 
size bushing socket spacers. 
(Cleveland Sales Co.) 


is adjusted. (Remember the frequency 
of the circuit governs the speed of any 
A. C. induction motor.) Occasionally 
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current that is supposed to be exactly 
60 cycles, or some other particular 
frequency, is found sufficiently higher 
or lower to make avariation of as much 
as 5 to 10 per cent in motor speed. 

If the motor is disconnected from 
the apparatus it is driving, and the 
governor acts properly after closing 
the switch, then “‘l,’* ‘2,” and ‘‘3” is 
the probable cause of its failure to act 
when connected to its load. 


Close the switch and note whether 
the speed of the motor decreases after 
the governor has acted; if it does, then 
loosen the spring barrel nut-one, two, 
or more turns as necessary. If that is 
regulated and if during the time the 
motor starting the voltage is maintain- 
ed at 110 or 220 volts at the motor 
terminals (according to the connec- 
tions), its failure to act is probably an 
overload; however, as a trial, the 
spring barrel nut may be loosened one 
or two turns, returning to its original 
position if it does not produce the 
desired results. This nut can be reach- 
ed by removing the end bracket from 
the commutator end of the motor where 
the nut will be found on the armature 
shaft. It has a lock spring to prevent it 
from turning. 


Failure of the governor toactunder 
a load within rated capacity of the 
motor, with proper voltage at the ter- 
minals all the time the motor is being 
started, indicates that the frequency of 
the circuit is lower than that for which 
the governor is adjusted, It is there- 
fore necessary to loosen the governor 
spring one or more turns, After the 
governor spring nut has been loosened 
and the governor operates, and if the 
motor does not hold its speed but drops 
back, then the motor is overloaded or 
the voltage is low. 

In some small motors, adjustment 
is not necessary. On these a non- 
adjustable spring collar is used instead 
of an adjustable spring barrel nut. 
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When removing an end bracket, mark 
it with a file or punch and also the 
body of the motor (stator) so it may be 
assembled in the correct order. 


7-36. ARMATURE INSTALLATION 


Whenever a new armature or a 
rewound armature is installed in a 
motor, it is always necessary to check: 
the running marks, as slight variations i 
in the windings make large changes in 
the position of the running marks. This: 
check may be done as follows: . 

1. Loosen the screw in the index: 


washer. 

2. Turn the brush-holder until the 
point on the index washer is 
half-way between the original 


7-18. A '/. H.P. capacitor motor quarter sectioned’ 
Note the flexible mounting. i 
(Wagner Electric Corp.) 


'i 


running marks (this point is 
called the dead point) and tighten 
the screw on the index washer. ,— 
3. Turn on the switch. (If the index, 
washer is set correctly on the, 
dead point, the motor will not 
start in either direction.) 


ELECTRIC 


4. If the motor starts in either 
direction, open the switch, move 
the index washer in a direction 
opposite to the directionin which 
the armature turned, tighten the 
screw on the index washer, and 
try it again. mg 

. When the true dead point (the 

i point at which the motor will not 

start in either direction) is found, 

mark it with a pencil or a piece 
of chalk. 

| 6. The new running marks should 

then be marked on the index 

plate in such a position that they 
are the same distance apart as 
the original running marks and 
the new dead point is exactly 
half-way between them. 
7. Set the point on the index washer 
exactly on one of the new running 
marks. 


7-37. 


ri 


GOVERNOR ACTION 


| 

| Frequent governor action indicates 
ee of the following causes: 

| lst. The mostprobable cause is that 
‘he tension of the governor spring is 
ot correct for the frequency of the 
ircuit on which the motor is installed; 
nence the motor is unable to reach such 
a speed before the governoracts as will 
allow it to bring its load up to full 
speed which is governed by the fre- 
quency of the circuit after the governor 
nas acted. This trouble may or may not 
2e accompanied by blowing of the fuses. 
Provided the proper voltage is main- 
tained at the motor terminals all the 
‘ime the motor is starting, the remedy 
is to tighten the governor spring nut 
one or more turns as may be necessary. 
This nut can be reached by removing 
the end bracket from the commutator 
end of the motor, where the nut will be 
found onthe armature shaft. It has a 
lock Spring in it to prevent it from 
turning, 


MOTORS 


2nd. Change of frequency may be 
caused by change of generators or by 
poor regulation of engine or turbine. It 
is not infrequent that the current is 
supposed to be exactly 60 cycle or 
some other particular frequency, when 
on investigation it is found that the 
speed of the generator is sufficiently 
higher or lower than it should be to give 
that frequency, to make a variation of E 
to 10 per cent. 

3rd. Change of voltage at the motor 

terminals. 

1. Sudden change of load on genera- 
tor. 

2. Frequent starting of large 
motors on the transmission line. 

3. Heavy varying load on motorson 
same circuit. 

4th. Low voltage. Causes: 

1. Wire which is too small. 

2. Transformer which is too small 
or has poor regulation with an 
induction load. 

3. Loose connection, either at the 
motor terminals oratthe switch, 
or in the line. 

5th. Overload. 

6th. Poor contact between short- 

circuiting segments and commutator 
bars, resulting from an unusual ac- 
cumulation of dirt. 


7-38. TEMPERATURE 


Do not use the hand to judge the 
temperature of a motor. Use a ther- 
mometer and check against the allow- 
able temperature rise shown on the 
name plate. 

The temperature of the motor should 
not rise more than 40 C. (72 F.) over 
the room temperature. This means an 
average maximum temperature of ap- 
proximately 150 F. 


7-39. CAPACITOR TYPE MOTOR 


Domestic refrigerators frequently 
use a different type of motor from the 
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repulsion-start induction motor. Since 
1933, this type of electric motor has 
become very popular. It is called the 
capacitor type, and the name is derived 
from the use of a capacitator or of a 
condenser and a transformer, Figure 
7-18. It becomes a two-phase motor 
when starting and reverts to single 
phase when it has gained 75 per cent of 
its full speed. The capacitator is used 
to change the phase angle of the current 
in the starting winding to produce 
two-phase electrical characteristics 
when Starting. 


CAPACITOR 


TERMINAL 
STRIP 


MOT Oke 


7-19. Electrolytic capacitor start induction run motor. 
(Stewart-Warner Corp.) 


The mechanical construction of the 
motor is quite Similar to the induction 
motor; that is, the external appear- 
ance, the mountings, and the bearing 
design is conventional both as to size 
and lubrication. However, instead of 
using a Starting winding in the arm- 
ature, the capacitor type has a con- 


CAPACITOR 


TE CMINAL 
STRIP 


COLO 
contro UNE 


7-20. A permalytic capacitor start-induction run motor. 
(Stewart-Warner Corp.) 
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denser mounted on top of the motor, 
which is connected in pairs toa centri- 
fugal switch built into the motor and to 
a starting winding in the stator, Figure 
7-19. 

The operation of the mechanism is 
quite simple. When the motor starts, the 
centrifugal switch is closed, making 
the current pass through both the start- 
ing winding and the running winding 
The starting winding is connected in 
series with a capacitor which puts the 
electrical surges in the starting wind 
ing out of step with those of the running 
winding. This produces a temporary 
two-phase motor and gives a very higk 
starting torque. When the motor reach- 
es approximately 75 per cent of its 
rated speed (1200 r.p.m.) the centri- 
fugal switch opens disconnecting the 
starting winding. The motor, however, 
continues to run, but now as an induc-' 
tion motor. d 

These motors are commonly called 
capacitor-start induction run motors. 4 
The capacitor may usually be found ir 4 
a steel cylinder whichis mounted ontop < 
of the motor. It has two terminals, one á 
to be connected to the centrifuga. 
switch lead and one to the starting 
winding lead, Figure 7-20. 


7-40. CAPACITOR START MOTOR 
PRINCIPLES 


The least complicated method t’ 
produce starting torque is to conver 
the single-phase motor into a two 
phase motor during the starting perio 
by using a capacitor. The dry typ 
capacitor consists of two sheets O 
conductor metal separated by an in: 
sulator, Figure 7-21. Due to the operat: 
ing principle of a condenser or capaci- 
tor in an alternating current line, the 
capacitor is charged during the build uy 
of the voltage and current by the surge 
of power in the line. Then, during the 
decrease in current flow in the powel 
line, the capacitor discharges causin © 


ELECTRIC MOTORS 


‘another power surge in the motor 
starting windings, Figure 7-22. 


ALUMINUM FO/L 


Í 


7-21. 


Elements of capacitor design. 
esition is usually rolled or folded between the two sep- 
arate sheets of conductor foil Bening a large capacitor 


The paper com- 


area ina relatively small space. 


j 
i 


7-41. CAPACITOR START— 
| CAPACITOR RUN MOTOR 
| PRINCIPLES 


This motor usually uses an oil 
sealed or insulated capacitor. It also 
uses a step-up transformer. When the 
motor is started, the capacitor turns 
the motor power surges intotwo-phase 
power and a higher voltage is also 
imposed on the starting winding. After 
the motor reaches two-thirds orthree- 


} 
fourths of its rated speed, the relay 


reduces the auto transformer to a step- 
up of only 200 volts, but the capacitor 
is left in the circuit. This action pro- 
duces a two-phase motor at all times 
and results in a very efficient motor. 
It is used considerably in the larger 
hermetic units used in commercial 
systems, but its first cost and main- 
tenance has practically eliminated it 
from the domestic field, Figure 7-23. 


7-42. CAPACITOR MOTOR 
| TROUBLES 


| The troubles encountered in the 
Capacitator type motor are few, and 
they deal mainly with the mechanical 
Condition of the motor. Outside of the 
two electrical troubles encountered in 
electric motors, these two troubles 
are: there is a possibility that the 
centrifugal switch used for connecting 
pad disconnecting the condenser may 


become worn, in which case a replace- 
ment is necessary; also, an open or 
short circuit may occur in the field 
windings, in the condenser, or in the 
auto transformer. The latter ones 
naturally necessitate a replacement of 
the motor, while the first trouble may 
be repaired by installing a new switch. 
The mechanical troubles are prac- 
tically identical to those encountered 
in the repulsion-start induction motor, 
involving bearing wear, end play, ex- 
cessive vibration, orientation of the 
motor to the compressor, and the air 


~n g- CONDENSER 
\ DISCHA|RGE 
\ 


ORIGINAL = 
POWER HOV. 


7-22. The effect of a capacitor on the power flow in a 
single phase circuit. 


gap between the rotor and stator. 

Very frequent starting of the capaci- 
tor motor results in overheating; the 
condenser and the insulation may fail. 
If the motor will not start but simply 
has the characteristic A. C. hum until 
one Spins the pulley and then the motor 
starts satisfactorily, it is a sign that 
the capacitor or the centrifugal switch 
points have failed. It is an easy opera- 


ie 
Pa SN l l 


Condenser 


E 
Motor. Condenser Unit 
For _ counter clockusse rotation ceanectT at shown. 


7-23. The wiring diagram of a full capacitor motor. 
(Norge Sales Corp.) 


173 


MODERN REFRIGERATION, AIR CONDITIONING 


tion to substitute a good capacitor for 
the questioned one. If the motor still 
will not start, the trouble is probably in 
the centrifugal switch. 


SERIES FIELD 


SHUNT FIELD 


O CHANGE DIRICTION 


OF ROTATION REVERSE 
BRUSH LEADS. 


MOTOR 


7-24. Wiring diagram of a compound direct current 
refrigerator motor. 


(Norge Sales Corp.) 


7-43. DIRECT CURRENT MOTORS 

Certain localities using D.C. power 
must have direct current motors for 
their refrigerators. These motors are 
compound wound and are constructed 
mechanically very similar to both the 
capacitator and repulsion-start induc- 
tion type, Figure 7-24. 

Compound wound windings are two 
field windings; one is in parallel with 
the armature windings, and one field 
winding is in series with the armature 
windings. Because D.C. is used, the 
field poles always have the same mag- 
netic polarity, and as the same D.C. is 
going through the armature coil, the 
armature magnetism is positioned to 
cause a turning torque inthe armature. 
The series field is used to keep the 
motor speed constant. If the speed 
attempts to change, the series winding 
strength builds up toincrease the r.p.m. 
or weakens to reduce the r.p.m. Note 
that one has only to reverse the brush 
leads to reverse the direction of these 
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netic polarity). 

The possibilities for wear are a 
little greater in the direct current — 
motors than in the others because of 
the armature design. This design 
necessitates constant contact of the 
brushes against the commutator, giving 
rise to the following possible troubles: — 
dirty commutator, worn brushes, high! 
mica, shorted armature, squeaky” 
brushes, etc. In general, all of the brush’ 
and commutator troubles are treated as; — 
in the case of the repulsion-start in-* 
duction motor. i 


motors (it reverses the armature mag- | 
> 
4 


i 


7-44. RADIO INTERFERENCE 


Some refrigerators will give a slight 
amount of radio interference in the 
average installation. This will usually 
amount to a slight snap in the radio at 
the instant the refrigerator stops, and 
should not be more noticeable than the 
turning off of a light. This may be 
eliminated some by grounding the frame 
of the motor to a water pipe or by 
placing a condenser between the frame 
of the motor and a convenient ground. 
In general, the normal interference is; 
not disagreeable and need not be given) | 
any attention. l 


Excessive radio interference of a‘ 
continuing nature when the refrigerator © 
motor operates or when it starts!) 
indicates a loose electrical connection 
or some fault in the motor’s starter! 
mechanism suchas worn brushes, badly ` 
pitted commutator, or loose connec= 
tions, The particular trouble can be? 
easily determined by a careful exam=: | 
ination of the motor. 

Occasionally a static charge willbe 
built up on the belt of a belt-driven | 
compressor. The discharge of this 
charge will cause radio interference. | 
If the motor and compressor are’ 
grounded together, this annoyance will 
be eliminated. 
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Methyl Chloride; B and C Sulphur Dioxide. 
(American Society of Refrigerating Engineers} 


7-25. Capacity and power consumption of four domestic refrigerating units with 1/4 H.P. motors. A and D 


Diameter of 


Wire No. Wire in inches Rubber 


-040 
CO2 
064 
. 081 
nO? 
.128 
oS 
. 204 


18 
16 
14 
12 
10 
8 
6 
4 
2 .258 


Ampere Capacity 


Other 
Insulated Insulation 

3 5 

6 IO) 
ILS 20 
20 25 
25 30 
25 50 
50 70 
70 90 
90 125 


' 7-26. Wire sizes. National Board of Fire Underwriters’ wire recommendations. 


7-45. STANDARD MOTOR DATA 


| 
The split phase motor involving the 


-cepulsion-start induction type and the . 


‘apacitor type is obtainable in 25, 30, 
:0, 50, and 60 cycles and uses either 
|10 or 220 volts. The 30 and 60 cycle 
motors run at 1750 r.p.m. while the 25 
nd 50 cycle motors have a speed of 
425 r.p.m. The 40 cycle runs at a 
peed of 1150 r.p.m. The D.C. motor 
oltages are 32, 115, and 230 volts 
nd run at a speed of 1725 r.p.m. These 
aotors are supposed to run contin- 
ously with a temperature rise not 
‘xceeding 40-55 C. which is approxi- 
aately 90 F. above room temperature, 
figure 7-25, 
| Compensation for reduced motor 
peeds is usually made in pulley sizes. 


Direct connected -compressors must 
have ample displacement at the reduced 
speeds, or special compressors of 
greater displacement must be used with 
odd cycle motors. 

The wire size usedinthe refrigera- 
tion mechanism is very important. If 
the wire is undersize, it will heat up 
and may eventually cause a fire, and it 
always adds an unnecessary resistance 
to the flow of electricity, Fig. 7-26. 

The efficiency of small motors is 
only 50 per cent to 60 per cent; there- 
fore, they consume nearly twice as 
much current as they should theor- 
etically. A 1/6 H.P. motor which should 
theoretically use only 124 watts or 
1 1/4 amperes will be found to need 
approximately 2 1/2 to 3 amperes, 
Figure 7-27, 
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MtO 1 Ze ar. Normal Input 


Watts 
WOE e ae rere 13 
AA a en NS ear 160 
MS ee eM nae eh 160 
1126 nee I ene eee 200 
eae cc eee 200 
WOARE.. eee 200 
I AAE canara a eee 200 
a eae 200 
er ee A e 340 
ii ee ee ee eee 340 
1 CE a aS 


7-27. Energy required for domestic refrigerator. Hermetically sealed machine, installed in cabinet. i 
[American Society of Refrigerating Engineers) 


In making electrical connections toa 
domestic refrigerator, it is always 
preferred that the thermostat which is 
installed in the circuit be hooked inthe 
live wire line of the circuit. This live 
wire in the alternating current circuit 
is easily recognized by the factthatifa 
trouble lamp were hooked to one of the 
lines and then grounded to a very good 


Relative 
Ice Melting Capacity 


Room 
Temperature F. 


60 140 
70 105 
80 100 
90 os 
100 89 
ASLO, 84 


7-28. Capacity and room temperature. Average for 
actual refrigerators in use. 
(American Society of Refrigerating Engineers) 


ground such as a water pipe, the lamp 
would light if that particular wire 
happened to be the live wire of thetwo, 

The other wire is called the ground 
wire of the circuit, and it shouldbe run 
directly to the motor. If a trouble lamp 
is not available, an AC voltmeter will 
serve the same purpose, Figure 7-28, 

Power consumed by a domestic 
refrigerator is shown in Figure 7-29, 
Note that August is the month using the 
most energy for refrigeration and at 
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Inside Volume, Ice Melting 

Cabinet Ft. Capacity, lb. /day 
4 50 
Dino 70 
6 KO 
I 92 
[FD G2 
10 Me 
13 L2 
Yy 112 
iL 200 
uf 200 
333 


ti. 
3 cents per Kw. hr. the cost would ber 
$1.68 for the month. The total cost per. 
year based on 542 Kw. hr. would be: 
$16.26, which is a very reasonable 
charge compared with the utility of the 
unit, 


7-46. HERMETIC MOTORS 


(MECHANICAL ASPECTS) 


Hermetic motors used in hermetic 
refrigerators are of the induction type. 
These motors have two field windings, 
(stator) and induce magnetism in the 
rotor. Two types of induction motors 
are used: i 

a. The split-phase type 

b. The capacitor type 

Several problems required solutio: 
before the sealed-in motors were able 
to perform satisfactorily. 

a. Special cooling provisions had tc 

be incorporated. 

b. Wire insulation had to be made 
resistant to chemicals in the 
refrigerant and the oil, particul- 
arly in the presence of moisture. 

c, Perfect alignment of the stator, — 
rotor, and compressor were re- 
quired, 

d. Electrical connections through 
the sealing dome had to be elec- 
trically perfect and leak-proof 


ELECTRIC MOTORS 


Time oil Dewy Reprigerator 
Watts 

es 6k ive cee eae ee 58 
ROO PM... ae eee o 62 
O10) ae eee 62 
OO a E EGN cg 202 
BY OP eck a ee FS = OS 
O O E A E E 60 
fidnight.............6. 64 
BRODO A Moseo oe eevee ses 56 
RA O r e e E aE E «0s 54, 
BN ee ios a oe elarens is IA 
OO a ee Sere a D4 
OOM ane crete ateucue aware ea aie 54 
werage Load........... a9 
Sealy Load Factor...... 87 

| TINS Gut’ Kear Refrigerator 

kw.or./month 

l 

january E a e pA 
EAE e e a a ae 40 
E e do bo hs E aS 42 
E a e ee 46 
CE o o a E eee 46 
EE 46 
july oaks ease i a2 
eee... -.------.- 56 
MCTIDCT 0. E I3 
te 52 
Jovember............2.. 43 
PMO Ti eee as Be) 
Total 542 


| 


-29. Average electric load from 1000 homes with re- 
frigerators, (Watts / House} 
| (American Society of Refrigerating Engineers) 


The motors are cooled by several 


‘ethods. One successful method is 
» press the stator into the dome and 
aen put cooling fins on the dome. 
nother method cools the motor by 
unning oil over the motor windings 
hile the unit is running. For several 
ears the older Norge refrigerator 
assed partly cooled condenser re- 
rigerant around the motor housing to 
id in cooling the electric motor. 

| Motor windings (wires) have pre- 
ented many electrical and mechanical 
roblems to the refrigeration engineer. 


| 


These windings must be compact, must 
be easily cleaned and dried, must be 
chemically inert, and must stand con- 
siderable overloads without burning out 
or shorting. The first successful wind- 
ings had special long fibre bleached 
double cotton covered insulation and 
nothing else. All other insulations at 


7-30. A hermetic compressor and motor cut-a-way. 
A. Suction service valve; B. Discharge line; C. Mounting 
spring; D. Intake muffler; E. Intake valve. 
[Tecumseh Products Co.) 


that time would deteriorate in the pre- 
sence of the refrigerant, especially if 
small amounts of moisture were pre- 
sent. Several companies have now de- 
veloped special wire coatings (usually 
enamel) that are very satisfactory 
insulations for most ofthe refrigerants 
used today. 

The alignment of the electric motor 
parts and the compressor is usually 
accomplished by using a common sur- 
face on the motor stator to which the 
compressor body is bolted. Aligning 
dowel pins or shoulders must be very 
accurately matched to produce maxi- 
mum accuracy and therefore operating 
efficiency and quietness. 

Figure 7-30 shows a hermetic motor 
installed while Figure 7-31 shows the 
stator and rotor of a hermetic motor. 

Most of the service connections for 
checking pressures, purging, etc., are 
mounted on the compressor dome. 
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These connections require the use of a 
valve adapter set. See Chapter ths 


HERMETIC MOTORS 
(ELECTRICAL 
CHARACTERISTICS) 


The design characteristics of the 
electric motors used in the hermetic 
machines depend to a great extent on 
whether the unit starts under load or 
whether it starts under a no-load or 
balanced pressure condition. 

However, the basic operation of the 
motor is the same as for open-type 
motors. Brushes and/or open points 
cannot be used in the hermetic motor, 
because the arcing would gradually 
disintegrate the refrigerant and the oil 
in the unit. Therefore, an external 


7-47. 


7-31. Al «P. split- i 

MCN A 
{Wagner Electric Corp.) l 

means must be used to disconnect and 

connect the various windings. Finally, 

all torque must be developed by in- 

duction only. 

One of the very important objectives 
in the alignment problem is to produce 
an equal and absolutely minimum gap 
between the rotor and the stator of the 
motor. An appreciable air gap between 
these two decreases the motor effic- 
iency, and any unequalair gap produces 
a motor hum that can be loud enough to 


produce noise complaints. Note in part- 
icular that many condensing units ar 
mounted on springs inside the dome. 
The electrical terminals, which 
carry the circuit through the dome 
must be electrically insulated from the 


dome, and they must also be leak 
proof. 

Many terminal designs have beer 
used. Metal terminals that clamf 


7-32. A metal terminal, fused to glass, and the glass i 
turn fused to a metal disc as used for insulating and lea 
proofing the electrical connections for hermetic mote 
terminals. 
(The Fusite Corp.) 


against the housing using syntheti 
rubber insulators and gaskets are used 
Also metal terminals fused to glas 
which in turn is fused to a metal dis 
makes an assembly that can be weld 
to the hermetic dome, Figure 7-32. Th 
terminals which must be leak proo 
after thousands of cooling and heatin 
contractions and expansion cycles, 
must also have a high insulating value 
A fused glass multiple terminal instali 
ed is shown in Figure 7-33. The wir 
terminals are spring clips that tight] 
clamp on the hermetic terminals. 

Replacement terminals are used b 
many service men. These replacemer 
terminals use synthetic rubber gasket. 
to make’a leak-proof joint. 

The higher starting torque require¢ 
(turning effort) for those units whicl 
start under load necessitates theuseo 
larger conductors in the starting cir- 
cuit. This required starting torque is 
usually obtained by using one of severa 
electrical devices. Usually, manufac- 
turers attempt to provide starting pow- 
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er equal to twice the running power 
(torque). In other words, we attempt to 
have a 1/6 H.P. motor produce 1/3 H.P. 
during starting. The attempt is also 


7-33. A metal-fused glass hermetic electrical terminal 
installed. The wires are connected by spring loaded 
clips. Note the metal housing used to protect the ter- 
minals from abuse. 
(The Fusite Corp.) 


made in some cases to put more fre- 
quent power surges into the motor 
during the starting time. Likewise, 
various methods are used to shut off 
the special starting devices after the 
motor has approached its full speed. 


AFAN MOTOR 

B-START. CAP. 

C-OVER-LOAD PROTECTOR SW. 
D-STARTING RELAY 

E-PRESS. CONTROL OR THERMOSTAT 


115 V. 60 GY. 
SUPPLY 


7-34. A schematic diagram of a capacitor start hermetic 
unit wiring system. 
(Servel, Inc.) 


7-48. HERMETIC MOTOR 


CONSTRUCTION 


The motors are built as sturdy as 
possible. Because an overheated motor 


MOTORS 


or undersized bearing would neces- 
sitate a major or complete overhaul of 
the unit, special care is taken to put 
very high safety factors into the motor 
construction. 

Much experimenting, designing, and 
research has produced the present-day 
motors. These motors produce a maxi- 
mum torque with a minimum current 
draw and a minimum temperature rise. 
The development of more efficient 
laminated field poles and rotor steels 
has done muchtoimprove these motors. 
7-49. HERMETIC MOTOR TYPES 

There are four types of hermetic 
motors: 

a. The Split-Phase Motor 

b. The Capacitor Start Motor, Fig- 

ure 7-34, 
c. The Capacitor Start, Capacitor 
Run Motor 

d. The Auto-Transformer Motor 

The first two types are in most use 
at present. The capacitor start, cap- 
acitor run type is not in great use, 
because even though an oil type cap- 
acitor is used instead of the dry or 
electrolytic type, the insulationis likely 
to break down due to overheating. Cost 
is also a factor. The cost of the auto- 
transformer and the complicated and 
expensive relay also has eliminated this 
type of unit from the market except in 
large hermetics. 

The principle of operation and the 
construction of all of these motor types 
have already been explained in previous 
paragraphs. 


7-50. THE SPLIT-PHASE 
INDUCTION MOTOR 


This motor is the basic type motor 
for all the hermetic condensing units in 
use today. It has the advantage of 
relatively low cost, since no extra 
devices are needed. The principle of 
operation is simple. There are two 
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windings, a running winding and a 
starting winding. These windings are 
made into four coils each with the 
starting winding positioned an actual 
45 degrees around the stator from the 
running winding. This positioning puts 
the starting winding 90 electrical de- 
grees from the running winding. 

The smaller wire is used in the 


HOV 


1 PHASE 
— 


PHASE RUN 
ROO VOLTS 


7-35. A capacitor start auto-transformer unit with the 
relay in the "running" position. 


starting winding. This smaller wire 
slows the current and builds up mag- 
netism more slowly than the running 
winding. When the unit control thermo- 
stat points close, current goes through 
the larger windings a little faster. The 
starting windings follow very quickly, 
and its magnetism is a little slower 
building up than the running winding. 
This slower build up causes a shift or 
side movement to one side in the field, 
thereby producing a twist or torque 
effect on the rotor. 

The current tries to gothrough both 
windings with equal speed, but the 
resistance of the finer (starting) wind- 


IPHASE 110 
es 


900 VOLTS 


7-36. Aca acitor start auto-transformer hermetic motor 
with the relay in the starting position. 


ing is a little greater than the running 
winding. The magnetism of the running 
winding therefore builds up a little 
sooner and induces an opposite mag- 
netism in the rotor. Very shortly after 
this, 1/1000 of a second or so, the 
starting winding builds up to its maxi- 
mum magnetism and this magnetism 
attracts the induced magnetism in the 
rotor and causes a twist in the rotor. 
The starting winding is continued inuse 
until the motor reaches at least 1/2 of 
its full speed. From this speed up tothe 
full speed of the rotor the 60 cycle time 
interval and the four pole stator will 


automatically run the rotor at its 1800 | 


r.p.m. This 1800 r.p.m. is always true 
of a four pole, 60 cycle motor, because 
the rotor must travel from one pole to 
the next in one change of the current. 
In a 60cyclecircuit the current changes 
direction each 1/120 seconds. This time 
means the rotor makes one revolution 
(four poles) in 4/120 seconds or 1/30 
of a second. In one minute or 60 seconds, 
therefore, the motor willturn60x 300r 
1800 revolutions. Actually there is a 
slight slippage of the rotor in its 
magnetic field, and these motors will 
actually run 1750 to 1775 revolutions 
per minute. The speed is slightly 


different for different motors, but for’ 


any particular motor it will be con- 
stant as the slippage will be constant. 

These motors are used on small 
units 1/10, 1/6, 1/4 H.P. that have no 
starting load (capillary tube) orhavean 
electric, mechanical, or hydraulic un- 
loading device. 

The hydraulic device is usually a 
gravity valve that unloads the com- 
pressor until the compressor builds 
up an oil pressure as it turns over 
while starting. The oil pressure must 
build up strong enough to lift the weight 
valve and close the by-pass port. 

The mechanical unit consists of a 
centrifugal unit that unloads the com- 
pressor by a by-pass until the rated 
speed of the compressor moves the 
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7-37. Manually starting a stuck unit using normal voltages. | and 2 without a capacitor; 3 and 4 with a capacitor 
in the starting circuit. 


centrifugal device enough to close the 
by-pass. 

Several variations of the split-phase 
motor have been used in hermetic 
mechanisms. The simplest type dis- 
connects the starting winding com- 
pletely after the motor reaches approx- 
imately 2/3 or 3/4 of its rated r.p.m. 
Another type uses a two-stage trans- 
former that starts on one step of the 
transformer and then switches to the 
other step by means of the relay asthe 
motor reaches its design speed. This 
type of starting winding with its auto- 
transformer is usually called an auxi- 
liary winding instead of a starting 
Winding, because it is in use all the 
time the current is flowing, Figures 
7-35 and 7-36. This auto-transformer 
is used when the motors start under 
load, 


7-51. SERVICING HERMETIC 


MOTORS 


The servicing of hermetic motors 
may be divided intotwo major Sections: 
external servicing and internal ser- 
vicing. Most of the hermetic motor 
troubles are external, or, are in the 
wiring or in the motor controldevices. 
It is very important to determine 
exactly where the electrical troubles 
are before deciding the motor is at 
fault. 

Furthermore, itis essential that any 
external trouble be remedied as soonas 
possible, because this minor trouble 
may eventually cause the motor to fail. 


7-52. STARTING A STUCK 
MOTOR 


Occasionally a unit may be found 
that will not start, even though all the 
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electrical tests indicate a unit in good 
condition. This stuck condition may be 
caused by the unit standing idle for a 
considerable time, a particle of dirt, or 
some electrolytic plating may have 
taken place. Amore than normal amount 
of liquid refrigerant in the compressor 
may also bind the unit. Three methods 
are recommended to break loose a 
stuck unit. 

a. Connect the power line direct to 
the motor connections eliminat- 
ing the starting relay, Figure 
7-37, 

b. By using above-normal voltage, 
such as 220 volts ona 110-volt 
circuit, may break it loose. This 
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7-38. Starting a stuck compressor. |. Using above 
normal voltages; 2. Using a capacitor in series with the 
running winding. 


method can only be used for a 
Short period of time, Figure 
7-38-1. 

c. By reversing the unit, that is, 
making it run backward. This 
reversal rotation may be done 
oe a capacitor in series 
wi z ’ maran : 
ta: running winding. Figure 

It is of utmost importance to be 

continually onthe alert to avoid handlin 
high voltage circuits and that one noe 
circuits capacitors to d 


i 
before handling. echarge them 


7-53. SERVICING THE CAPACITOR 


Most units have one capacitor, the 
starting capacitor, but some have two 
capacitors; either one starting capaci- 
tor and one running capacitor or two 
capacitors connected in parallel for 
additional capacitance. The starting 
capacitor is connected in series with 
the starting winding and is usually 
connected into the circuit between the 
relay and the starting winding terminal 
of the motor. 

The simplest test of a capacitor is 
to substitute a good capacitor for it; 
then if the motor operates, it is known 
that the old capacitor is faulty. Another 
way to check a capacitor is to dis- 
connect it from the circuit and connect 
the proper voltage power to its ter- 
minals (be sure a fuse is in the cir- 
cuit); then, short the terminals of the 
capacitor. If the capacitor is good, it 
will spark after two or three tries to 
charge it. If it has an open circuit, no 
charging, therefore, no sparking will 
take place. If it is shorted or grounded, 
the fuse will blow. A capacitor testing 
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7-39. Testing a capacitor. A. Capacitor; B. Charging 
switch; C. Shorting switch; D. Fuse or circuit breaker; 
E. Plug for 110 volts; I. Switches open; 2. Charging 
switch closed; 3. Good capacitor; 4. Shorted capacitor. 


Stand or device in a shop should use a 
circuit breaker rather than a fuse, to 
Save costs. Figure 7-39. A is the 
capacitor, B is the charging switch, C 
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is the shorting switch, D is the fuse or 
circuit breaker, E is the power con- 
nection or plug. Commercial models 
are obtainable at refrigeration supply 
houses. In (1), the tester is connected 
to the terminals of the capacitor A 
with spring clips, rubbercovered. Both 
switches B and ‘Care open. Some 
models have button switches similarto 
door bell switches that are spring 
loaded to stay open. In (2) the charging 


7-40. A capacitor test unit and analyzer. This unit will 
detect all hermetic and open motor troubles and can 
be used to reverse the motor. 

(Airserco Mfg. Co., Inc.} 


switch B is closed momentarily; just 
touch it. Note that switch C stays open. 
If the capacitor is shorted, the fuse or 
circuit breaker will blow (4) D. If 
nothing happens, then proceed as in 3. 
With the switch B open, touch the 
shorting switch. If the capacitoris good, 
the switch will spark. If it does not 
spark the first time, try itthree orfour 
times before scrapping the capacitor. 
Figure 7-40 illustrates a commercial 
model of a capacitor tester. These 
testers are sometimes equipped witha 
neon light to indicate the discharge (in 
the circuit) and they also use a volt- 
meter to determine the efficiency of 
the discharge. 


Important: Never put your fingers 
across the terminals of a capacitor 
as it may be charged and give you a 
shock. Always short it with a wire first 
before handling it. 

A capacitor must be accurately 
sized to the motor and the motor load. 
It is general practice to permit a 25 
per cent overload capacity, i.e., a 125 
mfd. can be used for a 100 mfd. 
capacitor, but an undersized capacitor 
should never be used. If it is at all 
possible, use an exact replacement 
capacitor. The make, model and model 
number are usually placed on each 
capacitor. If this information is un- 
available, or if an emergency cap- 
acitor must be used temporarily, there 
are several ways to determine the 
proper size unit. One of the quickest 
methods is to cut the temporary cap- 
acitor in the circuit and if it brings 
the unit up to running speed and the 
relay operates in 3 seconds, the cap- 
acitor is very nearly correct. A better 
method is to use a specially designed 
capacitor selector unit, Figure 7-41. 
This selector has a variable capaci- 
tance and more mfds. are put in the 
circuit (in series) until the voltage 


7-41. A capacitor selector unit in operation. 


(Aerovox Corp.) 
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reading is reached for the unit. The 
capacitance registered on the selector 
indicates the capacity of the capacitor 
to be put in the circuit. 


SET SELECTOR SWITCH AT 
APPROPRIATE POSITION TO 
READ VOLTAGE OR AMPERAGE 


7-42. Measuring the capacity of a capacitor. 
{Pyramid Instrument Co.) 


7-43. A compact ammeter-voltmeter that is quitkly 
connected to a refrigeration electrical circuit for check- 
ing the electrical flow. 

(Pyramid Instrument Co.) 


Another method that may be usedto 
check the capacity of a capacitor is 
Shown in Figure 7-42, The capacitor 
is connected to a double-fused line and 
the voltage leads of the meter are 
connected across the capacitor. The 
ammeter reading is obtained by the 


heavy probes around the wire. 
There are two types of Capacitors, 
the electrolytic or dry type and the oil 
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7-44. Taking the amperage reading of refrigerating 
unit. 
(Pyramid Instrument Co.) 


type. These capacitors may allbe tested 
in the same way. However, the oil type 
is usually used only as the continuous 
operating type (capacitor run type of 
motor) and is usually of much smaller 
mfd. capacity. 

Some of the capacitors have mech- 
anical connectors (machine screws) 
while some have solder-type leads. It 
is necessary to carry a small electric 
soldering iron to facilitate connecting 
these latter units. 

There are some hermetic testing 
units or analyzers that are used to 


7-45. Taking the voltage reading of a refrigerating unit. ` 
(Pyramid Instrument Co.) 


ELECTRIC 


check capacitors, motor windings, re- 
lays, overload cutouts, etc. Some are 
equipped with light indicators while 

- some use voltmeters, ammeters, ohm- 
meters and wattmeters. 

" A very popular instrument for 
checking the elëctrical flow to a re- 
frigerator unit is shownin Figure 7-43. 
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7-46. A combination volt, ampere, and wat meter. 
(Simpson Electric Co.) 
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The ammeter scale is at the top and 
reads from zero to 25 amperes, This 
instrument is quickly connected into the 
electrical circuit; reveals the current 
flow and the voltage in the appliance 
power circuit. The voltmeter has two 
scales 0, 125 or 150 and 0-250 or 
600 volts. Figure 7-44 shows the instru- 
ment being used as an ammeter while 
Figure 7-45 shows how the instrument 
is connected to obtain the voltage read- 
ings. 


7-54. WATT READINGS 


One of the means to determine the 
condition of the motor-compressor unit 


BREAK -IN PLUG 


7-47. A combination volt, ampere and watt meter con- 
nected between the AC line and the load. 
(Simpson Electric Co.) 


is to observe the wattage consumption 
of the unit. An instrument which is 
used to obtain the voltage, amperage 
and wattage values is shown in Figure 
7-46. Figure 7-47 shows how to con- 
nect the wattmeter into the wiring cir- 
cuit. 
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The meter will give three wattage 
readings: 
1. Over swing reading. l 
2. Combined starting and ronning 
winding reading (of only 1 to lz 
seconds duration). 
3. The running winding reading. 


When the thermostat contacts close, 
the wattmeter pointer will swing to the 
right (3), and then it will quickly move 
back to the combined reading (2). Then 
in one second the pointer will fall to 
the running winding reading (1) only. 

If the starting winding circuit is 
open, the wattmeter pointer will swing 
to the right and then move back to the 
running winding value only. This action 
indicates a bad relay or starting wind- 
ing. The overload safety cut-out should 
open the circuit in a few seconds (2 to 3 
seconds). 

If the pointer swings to (3) and then 
to (2) and after a few seconds the pointer 


Watts (110 Volts) 


Motor Running Combined Running Stalled 
HRE and Starting Running 
WO. O 
Y Ga 1000 o 
WS L EO 1800 740 
17S 108 163 1850 Was 
1/7 160 218 1850 970 
Ey e242 7295 1800 1450 
Wigs 2 S20 2300 1250 


7-48. A table of approximate wattage reading for 
small hermetic motors. 


Swings to zero, it means that the unit 
will not start turning. 

Approximate wattage readings for 
small hermetic motors is shown in 
Figure 7-48. 


7-55. EXTERNAL SERVICING OF 


THE MOTOR 


The condition of the refrigeration 
motor can be readily and easily deter- 
mined with instruments without the 


necessity of opening the unit. This is 


done by disconnecting the wires that 


are connected to the motor terminals 
and then testing the motor independent 
of all its external electrical connec- 
tions. Figure 7-49. A is the plug, B is 
the hermetic motor, D is the light bulb 
25 (watt), while the starting winding 


terminal is S, the common terminal is 


7-49. Checking a hermetic motor electrically. A. Plug; 
B. Motor; C. Common terminal; S. Starting terminal; 
M. Running terminal; 1. Continuity of starting winding; 


4 


2. Ground; 3. Continuity of both windings; 4. Continuity ` 


of running winding. 


C and the running or main winding ter- 
minal is M, In part (1) the starting 
winding is being checked for continuity. 
If the bulb (D) lights, it means the cur- 
rent is flowing through the starting 
winding (S to C), and that there is no 
open spot in the windings. In part (2) 
the windings are being checked for a 
ground; that is, to see if any part of 
any of the internal wiring or the ter- 
minals are touching or making elec- 
trical contact with the metal parts of 


the unit. If the bulb (D) lights when one 


of the electrical leads is touched to any 
of the terminals, and the other lead or 
clip is touched to the clean or bare 
metal body of the dome, it means that 
electricity is flowing along the internal 
wires and through a grounded wireinto 
the metal work. Be sure the terminals 
are clean and dry during this test, or 
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they may be temporarily grounded by 
dirt. In part (3) the continuity of both 
the running and starting windings is 
being checked. Another trouble that 
„ Sometimes occurs, especially if the 

unit has been overheated, is the short- 
ing of the motor winding between them- 
selves without a groùnd beipg formed. 
Any shorting of the ifidtor windings 
will increase the current draw, de- 
crease the power and overheat the unit. 
A shorted unit can sometimes be de- 
| tected by an interruption in the steady 
| hum of the motor when it is running, 
that is, a noticeable beat occurs in 
addition to the steady hum. To check 


C 
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7-50. Removing a press fit stator. A. Dome; B. Stator; 
C. Puller. 


for this short, one can roughly deter- 
mine its existence by the test light (D). 
The test light (D) will be brighter than 
normal if some of the windings are 
shorted. A better way is to use an 
ohmmeter and check the resistance of 
the coils. As models are checked, 
record the data. Repeated tests have 
shown that the approximate resistance 
of domestic unit windings are as fol- 
lows: 


Ohmmeter 
H.P Running Starting 
Winding Winding 
1/8 aod 18 
1/6 2.4 17 
5 2.3 14 
1/4 et 17 


MOTORS 


REPAIRING THE HERMETIC 
MOTOR 


7-56. 


The motor may need rewinding, and 
as the windings are always inthe Stator, 
this stator must be removed. The 
motor stator is usually bolted to the 
compressor body and dowel pinned to 
obtain extreme accuracy of alignment. 
First, disconnect the wires from the 
terminals and carefully label them and 
the three terminals. Then mark the 
parts to assure they will be assembled 
in correct manner (center punch), Keep 
the parts in a separate labeled tray. It 
is good practice to torque the nuts and 
bolts as they are removed, tolearnhow 
much to tighten them on assembly. 
Improper tightening may warp the body 
out of its normal tolerance and cause 
considerable trouble. Some stators are 
pressed in the dome to increase the 
cooling action on the stator windings. 
This type of stator must be power 
pulled and gear pullers or special 
pullers are used to carefully remove 
it, Figure 7-50. 

After the stator is removed, it can 
be rechecked electrically for grounds, 
opens, and shorts. The trouble may 
sometimes be repaired quickly without 
the motor needing to be rewound. If 
the motor needs rewinding, this opera- 
tion must be done by an expert motor 
rewinder, It is necessary to see that 
the following important things are done: 


a. The wire size must be exactly 
the same. 

b. The number of turns must be 
exactly the same. 

c. The insulation must be specially 
made to be immune to the re- 
frigerant and oil even in the 
presence of moisture. 

d. The work must be done ina dry, 
clean, and dust-free place. 

Many of the refrigeration supply 

houses have replacement stators for 
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hermetic units. It is important to re- 
member that the workmanship must be 
of the highest quality. It is costly to do 
all the dismantling over again; the first 
repair must be right. 


SERVICING FAN AND FAN 
MOTOR 


7-57. 


Several hermetic units use motor- 
driven fans to force condenser cooling 
air through the ducts and over the 
condenser and condensing units. To 


7-51. A replacement fan and motor with universal 
mounting brackets to fit a variety of condensing unit 
designs. 

(Airserco Mfg. Co., Inc.) 


obtain efficient air movement the fan 
and condenser are carefully shrouded 
or housed in sheet metal. The fans are 
very carefully balanced and runalmost 
noiselessly. The fans are usually fast- 
ened to the motor shaft with Allen set- 
screws, Some of these motors have 
sealed bearings (bushings) and require 
no Oiling while others need oiling (SAE 
10 or 20) amounting to one drop per 
bearing each six months. A few motors 
are ee the market that use only one 
bearing. The motors are usually fasten- 
ed on brackets and are mounted in 
rubber, Figure 7-51, 


The motors are usually of the shaded 


pole type. The shaded pole produces a ~ 


moving magnetic field perpendicular to 
the field pole and starts the rotor 
turning, Figure 7-52. Approximately 
one half of each pole face has a small 
copper plate insert (A). This insert 
slows up the build up of the magnetic 
field through the copper plate enough to 
cause a rotating motion of the field. 
This action gives time for an induced 
built up action of the magnetism in the 
rotor (opposite magnetism) to be at- 
tracted by it. This action continues as 
the alternating current changes the 
polarity of the poles and rotor. Although 
this design has less starting torque than 


other type motors, itis very successful l 


in small motors 1/6 to 1/100 H.P., 
Figure 7-53. Generally, the fan motor 
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7-52. A shaded pole fan motor. S. South polarity; N. 
North polarity; A. Shaded pole (copper). 


leads are connected to the common 


terminal and the running winding ter- 
minal of the compressor motor. This 
connection puts the fan motor in par- 
allel with the compressor motor and 
allows it to be controlled by the ther- 
mostat. The safety overload cut-out is 


also put in the circuit ahead of the fan; 
so its functioning will also cut out the; 


fan motor. 
The most common troubles are: 
a. Loose connections 
b. Dry bearings 
c. Worn bearings 
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Burned-out motor 

Loose fan 

Out-of-balance fan 

g. Fan blades touching housing 
Loose or dirty connections will 

*cause too much voltage drop and the fan 
motor will lose Speed, hum -loudly and 
overheat. A sensitive voltmeter will 
quickly locate the faultyeconniection. Do 
not rely on visual inspection. Dry 
bearings will cause the same symptoms 
as in the previous statement, but this 
condition will last only a short time 
before the bearings will either seize 
(bind) or become badly worn. Worn 
bearings will permit the rotor to vibrate 
in the stator causing noise. Also the 
magnetic air gap will vary and cause 
an annoying hum. When the bearings 
wear badly enough to permit a rotor to 
rub on the stator the motor will burn 
out quickly. Occasionally, the end play 
(D) of the rotor becomes excessive and 
causes the motor to produce a distinct 
knock. Also a reconditioned motor may 
have the bearing (bushing) inserts off 
position to the extent of forcing the 
rotor out of its magnetic center along 
its shaft. When the motor is running, it 
should float between the extremes ofits 
end play. One may check this by touch- 
ing the end of the rotor shaft lightly as 
the motor is running. It should move 
back and forth and then settle in be- 
tween the extremes of the end play. If 
the rotor cannot assume its magnetic 
center, it will hum excessively and heat 
up unduly. Figure 7-54. A isthe stator, 
B is the rotor, CC’ are the bearings 
(bronze bushings), D and D’ arethe end 
play portions. When running, the heav- 
lest magnetic flow from the stator 
tries to line up with the heaviest 
magnetic flow from the rotor B. This 
aligning must take place with end play 
clearance at D and D’. The total 
clearance is usually about .030 or 1/32 
in. 


m~ a 


A rattle in the fan motor is some- 
times caused by the fan being loose on 


7-53. A high starting torque shaded pole motor. 
(Redmond Co.) 


the motor shaft. This noise can easily 
be remedied by tightening the setscrew 
that fastens the fan hub tothe shaft. The 
smaller fans have either a round shaft 
or a flat spot milled on the shaft (F). If 
the fan is abused, the blades may be 
forced out of position and one or more 
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7-54. A rotor running in its magnetic center. A. Stator; 
B. Rotor; C and C' Bearings; D and D' End play washers; 
and E'. Oil cups; F. Pulley set screw contact surface. 


blades will vibrate causing undue noise. 
The easiest repair is to replace the 
injured fan. Any attempt to rebalance 
the blades is very difficult unless 
Special static and dynamic balances 
are available. When the fan blades 
touch the fan housing, it may be caused 
by the motor being out of line or the 
shroud or housing may be warped. The 
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contact spot is usually easily detected 
and remedied. 


7-58. MOTOR PROTECTION 


Originally refrigerators had only 
plug or cartridge fuses to protect them. 
The fuse had to be large enough to 
carry the starting current, because the 
starting current is much larger than 


110 volt single-phase 115 volt DC 


H.P. AC R.I. or capaci- compound 
tator motors wound motors 

Were 4, 3 

1S 4 3 

I 6 i, 

EF 8 6 

127 10 8 

Y 15 10 

7-55. Maximum fuse rating for running protection - 


(American Society of Refrigerating Engineers) 


Snap-Action Thermal Disc 


Movable 
Contact 


Heater 
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Solder Type Terminal and 


Center Screw and Lock Nut Stationary Contact 


7-56. A bi-metal disc device used to protect the motor. 


(Spencer Thermostat Div., Metals and Controls Corp.) 


the running current, the fuse was then 
too large. If the running winding of the 
motor used the full fuse amperage for 
any length of time, the motor would 
overheat and be ruined, Figure 7-55, 
To eliminate this inadequacy, time 
fuses were installed in the circuit, 
These devices allow an excessive cur- 
rent flow for a very short period of 
time (such as in starting), but they 
break the circuit if the current flow 
1S excessive for any length of time. 


7-57. A bi-metal overload protector installed to protect 
against an over heated compressor. 
(Spencer Thermostat Div., Metals and Controls Corp.) 


Two designs were used; one used a 
gear soldered to a shaft, and a lever 
under a spring load was attached to 
this gear. If the motor consumed too 
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7-58. A bi-metal overload protector installed inside an 
open type electric motor, 
(Spencer Thermostat Div., Metals and Controls Corp.) 


much current for too long, the heat 
from a resistancé coil would melt the 
solder and the gear would release, 
opening the circuit. Another type used 
a heating coil and a bi-metal strip. The 
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bi-metal would bend enough if the 
heating coil became warm and would 
open the circuit. 

All these devices, however, would 
only stop the mechanism if the current 
load was too high. If due to excessive 
heating from any source, the motor 
would overheat and tře unit,would still 
run and damage would reSult. Sources 
of excessive heat were: high exhaust 
temperatures, poor aircirculation, and 
friction. 

Present refrigerators have safety 
devices installed that open the elec- 
trical circuit if the motor draws too 
much current, if the motor overheats, 
and/or if the compressor becomes too 
hot. 

Figure 7-56 illustrates a bi-metal 
device that opens the circuit if the 


7-59. REVIEW QUESTIONS 

1. List the types of motors used in 
domestic refrigeration. 

2. How many field windings are 
used in 110-220 volt repulsion- 
start induction motors? 

3. Why must an open motor be 
cleaned regularly? 

4. Do all repulsion-start induction 
motors have brush-lifting mech- 
anisms? 

5. What is the purpose of short- 
circuiting the commutator of a 
repulsion-start induction motor? 

6. Explain the two types of com- 
mutators, 

7. What is the running winding watt- 
age of a 1/8 H.P. hermetic 
motor? 

8. Why is a plug fuse inadequate 
protection for a motor? 

9. What advantage does a capacitor 
motor have over a repulsion- 
start induction motor? 

10. How often should motor bearings 
be oiled? 


MOTORS 


bi-metal disc reaches a temperature 
that will cause it to snap in the other 
direction. Considerable damage can 
result from overheating either the com- 
pressor or the motor. These two con- 
ditions could occur without the current 
draw becoming excessive. It is there- 
fore necessary to use overload devices 
which will open the circuit if any type 
of overheating occurs. These controls 
are temperature operated and receive 
their heat from the motor, the com- 
pressor, and the current draw of the 
motor. 

Figure 7-57 shows a three-way 
protector on ahermetic system. Figure 
7-58 shows the action of a bi-metal 
Snap action current-actuated and heat- 
actuated overload protector in a con- 
ventional motor. 


11. Why do some motors have rubber 
Or spring mountings? 

12, What kind of electric motors are 
usually used in hermetic refrig- 
erators? 

13. What are the common voltages 
used on direct current motors? 

14. How can radio interference 

caused by the refrigerator motor 

be reduced? 

How many terminals does aher- 

metic motor usually have? 

16. How many windings does a her- 
metic motor stator have? 

17. Why are some: motors called 
split-phase motors? 

18, What is the most commondesign 
problem with hermetic motors? 

19, Why are hermetic motor field 

windings insulated in a special 

way? 

What kind of rubber does a 

replacement terminal have? 

21. What is a capacitor? 

22. Is the capacitor connected in 
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series with the starting winding? 
What usually happens in the 
starter winding circuit when the 
motor reaches the correct 
speed? 

What type motors are used to 
power fans used on hermetic 
systems? 

How is the fan motor electrically 
connected to compressor motor? 
Why isthe hermetic motorsome- 
times run backwards? 

How may a shorted capacitor be 
detected? 

What is voltage drop? 
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34. 


35. 


How much may the voltage drop 
at the motor terminals before it 
causes trouble? 

How should the wiring be marked 
for easy circuit tracing? 

What is the magnetic center of 
a motor? 

What is electrical continuity? 
Describe a compound wound D.C, 
motor. 


How long does current flow in 
one direction when 60 cycle cur- 
rent is used? 

Why is yarnusedin some electric 
motors? 
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To obtain a transfer of heat from 
the inside of a cabinet to the outside or 
in order to refrigerate, a heat carrier 
must be used. 

Fluids which can be changed easily 
from a liquid to a gas and from a gas 
to a liquid are used as the medium 
because such a change of state is 
always accompanied by achange inheat 
content. Some fluids are better than 
others. The most popular ones, espec- 
ially for automatic refrigeration, are 
discussed in the next few paragraphs. 


8-1. REQUIREMENTS FOR 


REFRIGERANTS 


There are certain desirable char- 
acteristics which a fluid used as a 
refrigerant should possess. They are: 

1, It should be non-poisonous. 

It should be non-explosive. 

It should be non-corrosive. 

It must be non-flammable. 

Leaks should be easy to detect. 

Leaks should be easy to locate. 

. It should operate under low pres- 

sure (low boiling-point). 

8. It should be a stable gas. 

9. It should be easy to lubricate 
parts moving in its presence, 

10. It should be non-toxic. 

11, It should have a well balanced 
latent heat of evaporation value 
per unit of weight. 

12. It should have a small relative 
displacement to obtain a certain 
refrigeration effect. 

13. Some difference between the 
vaporizing pressure and the 


AI Dan fb w YH 


condensing pressure should be a 
minimum, 
Some.common refrigerants inuse at 
present are: 

1. Sulphur dioxide SO2 . . .(Par. 8-19) 
Methyl chloride CH3CL.(Par. 8-17) 
Ammonia NH3....... (Par. 8-15) 
Dichlorodifluoromethane 
(Freon 12) C CloFg...(Par. 8-6) 
5. Iso-butane (Freezol) . .(Par. 8-22) 
6. Ethyl chloride CgH5CL.(Par. 8-16) 
7. Carbon dioxide COs . . .(Par. 8-4) 
8 
9 


e w N 


. Methyl formate CpoH4Oo9 (Par. 8-18) 
. Methylene chloride (Carrene) 


CECIL ree ce fe re (Par. 8-13) 
10. Chlorotrifluoromethane 
(Freon 13)C CIF, ... .(Par. 8-8) 


11. Dichlorotetrafluoroethane 

(F-114) CoCLoF4 ... (Par. 8-12) 
12. Dichloromonofluoromethane F-21 

(Thermon) CH CLoF. .(Par. 8-9) 
13. Monochlorodifluoromethane 

P=22 CHCIF9 (23.3: (Par. 8-10) 
14. Freon11 Carrene No, 2(Par. 8-5) 


The first requirements are almost 
self-explanatory because it is only 
natural that an automatic mechanism 
be safe from the possibility of being 
poisonous, flammable, or even explo- 
sive. 

The refrigerant must be non-corro- 
sive in order that the more common 
metals may be used for constructing 
the machine and for giving a long life 
to all the parts. 

The refrigerant should be such that 
its presence and its source may be 
very easily detected in case of leaks. 
This is mainly a service feature. 
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REFRIGERANTS 


National Refrigeration 
Safety Code Group 


Group 1. 
Carbon dioxid¢ 
F-l2 ~ « “= 
Kuenea n 
F-21 
F-114 
Carrene #1 
F-11 
F-22 
F-113 
Methylene chloride 
Grewia 2o 
Ammonia 
Dichloroethylene 
Ethy) ehloride 
Methyl chloride 
Methyl formate 
Sulphur dioxide X 
Group 3. 
Butane 
Ethane 
Iso butane 
Propane 


iy ye 


National Board of Fire Underwriters' 
Refrigerant Toxicity Classification 


Class 


X 
X 
I 
X 
X 
X 
X 
28 
Xx 
X 
X 
X 
X 
X 
X 
X 


8-2. A tabulation of common refrigerants by National 
Refrigeration Safety Code groups and by National 
Board of Fire Underwriters toxicity classification. 


It is desirable to keep normal 
pressures in the refrigerator as close 
to atmospheric pressure as possible, 


because any excessive differences 
greatly aid any leaking tendencies, 
overwork the compressor, and 


decrease the efficiency of the valves. 

In order to stand years of re- 
peatedly changing its state, itis neces- 
sary to use a very stable gas or 
refrigerant in an automatic machine 
and the refrigerant must not be harmful 
to the lubricants used. Figure 8-1 isa 
table of properties of common re- 
frigerants. 


8-2. CLASSIFICATION OF 
REFRIGERANTS 


Refrigerants have been classified 
by two different national groups. They 


are: 


The National Refrigeration Safety 

Code. 

The National Board of Fire Under- 

writers. 

The National Refrigeration Safety 
Code divides all refrigerants into three 
groups. These are: 


Group I - Safest of the refrigerants: 
Freon 113, Methylene Chloride, 
Freon -11, Freon -21, ‘Freon 114, 
Freon -12, Carrene -7, Freon -22, 
Kulene 131, Carbon dioxide, Freon 
-13, Freon -14. 

Group II - Toxic and somewhat flam- 
mable refrigerants: 
Dichloroethylene, Methyl Formate, 
Ethyl chloride, Sulphur dioxide, 
Methyl chloride, Ammonia. 

Group II - Very flammable refriger- 
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ants: 
Butane, Iso-Butane, Propane, Ethane, 
Ethylene, Methane. 

The National Board of Fire Under- 
writers has also classified refrigerants 
based mainly on their degree of toxi- 
city. There are six divisions in this 
scale. Class one is the most toxic, 
while Class six is the least toxic. 
Figure 8-2 lists common refrigerants 
by group and by toxicity. 

One should use a refrigerant that 
has the best rating in both classifica- 
tions if a choice is possible. 
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Dichlorotet raflouromethane 
D F-114 CoCloF4 
Dichloromethane (Carrene No. 1) 

(Methylene Chloride) CH9Clo 
Trichloromonofluoromethane 

F-11 (Carrene No, 2) CClgF 
Monochlorodifluoromethane 

F-22 CHCIF9 

The pressure-temperature curves 
for the Group I refrigerants are shown 
in Figure 8-3. 

The refrigerants in this group may 
be used in the greatest quantities in 
any installation. The code allows sys- 
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8-3. Pressure temperature curves for Group One refrigerants. 


8-3. GROUP | REFRIGERANTS 


The Group I refrigerants are con- 
sidered the safest refrigerants on the 
basis of fire hazard and toxicity. The 
refrigerants in Group I are: 


Carbon dioxide COs 
Dichlorodiflouromethane 

F-12 C CloFo9 
Dichloromonoflouromethane 

F-21 C H Clore 


tems to use up to 20 pounds of this 
refrigerant in hospital kitchens; up to 
50 pounds (indirect system) Chapter 29 
in public assemblies; up to 50 pounds 
in residential use provided special | 
precautions are taken, and up to 20 | 
pounds in residential air conditioning | 
systems. 


8-4. CARBON DIOXIDE 


Carbon dioxide differs considerably 
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Carbon Dioxide 


Volume 
Gas 


Pressure 


Temp. © peig pela cust../lb. 


d L0 L2 125.9 ANS 
0 = ove? eO ARS 
=20 200 Awe seme? lon 
-10 24.278 2570 .3465 

0 291.1305.8 .2905 

5 7O 382.3) 22699 
10 345.7 860.4 <c435 
20 LOL AALS 32028 
30 A75 9 LOOG 7A 
£0 DEGO IOA AR 
50 696.0 652.7 o 120 
60 732.7 747.4 .0995 
70 837.8 852.5 .0800 
80 954.6 969.3 .0600 
86 100 105.7 0479 
ETE 1037.4 1072.1 


10079 


Density Heat Content 
Ligvid BERRUTI 
1b.feu.ft. Liquid Latent 
69.6 (0) LIY oF 
68.2 Gad 1326 
SON om 122 
65.2 13.9 DA 
Go) Tone KZO adl 
62.5 21m MO 
61.9 24.0 MFS 
60.2 29.6 108.9 
De. 2 SEES MO 
56.0 Ale 8 ODO 
Ae 48.5 86.6 
BO Tse) Do YESS 
Gee its 62.7 Gare 
Bere 74.0 43.0 
372 83.4 Zi adl 

ZOP Oak O 


8-4. A table of the properties of carbon dioxide. 


in its characteristics from many ofthe 
refrigerants. This difference is espec- 
ially marked in the matter of the 
pressures encountered within the 
machine, the operating pressures inthe 
CO, machine being many times higher 
than those encountered in most of the 
others. 

At ordinary temperatures and pres- 
sures, CO% is a colorless and odorless 
gas considerably heavier than air. Itis 
non-explosive, non-flammable, and 
non-toxic. The boiling-point of carbon 
dioxide is so extremely low that even 
at 5 F. a pressure of over 300 psi is 
required to prevent its evaporation, 
while with a temperature of 80 F.inthe 
condenser, a pressure of almost 1,000 
psi is required to liquefy it. Its critical 
temperature is 87.8 F. so that it can be 
used only where relatively cold water 
is available for condenser cooling, and 
it cannot be used at all with the air- 
cooled type of condenser. It is not used 
in local domestic machines, but has 
been used in Europe. 

As a result of the high operating 
pressures, the compressor of the CO9 


machine is quite small for relatively 
large refrigerating capacity, and the 
machine is therefore particularly 
adapted to use on shipboard where 
space is at a premium and safety isa 
prime necessity. The latent heat of 
evaporation of carbon dioxide at 5F.is 
116 Btu per pound. Leaks may be 
located by an oil film or soap solution. 
A large leak will be easily detected 
from the cloud of condensation or vapor 
produced at the leak. This refrigerant 
is used in large installations where 
leaks will soon be detected by the oper- 
ator in charge of the system. 

As much as 12 pounds of this re- 
frigerant can be used for each 1000 
cubic feet of air conditioned space 
(a room 10 ft. x 12.5 ft. x8 ft). 

Figure 8-4 is a table of the more 
common properties of carbon dioxide. 
As mentioned in Chapter 1, carbon 
dioxide can be formed into dry ice. That 
is, solidified carbon dioxide can be 
formed starting at -69.9 F. under a 
pressure of 60.4 psig. This solid exists 
at atmospheric pressure at -109.4 F. 
As it vaporizes at this low pressure it 
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i t Content 
Pressure Volume Density Hea 
Gas Liquid B.T.U./1b. 


: si sia cu.ft./lb. 1b./cu.ft. Liquid Latent 
Temp.F psig p ay 


JQ 28.42" .739 44.21 OO S748 
a eee LOA o HORS) iO? Sona 
-20 27.03" 1.42 24.06 99m9 3.94 E03 
JO ZATA 92 me ly 99.03 IL 65,16 
0 MTO Da TEROA 98.3 7269 Ch E 
3 23,92 A 27 97.8 8.88 84.00 
10 210 J352 1067 97.9 9.88 83.60 
2 2.08" 4.34 Give 96.72 13.87 82.62 
wW 26 oly (2.20 6.78 CRS), 13,66 S203 
L0 lo sete) 702 9.447 95.14 15.89 Sipe? 
S 2108 ee Ashe L 94.34 17.92 80.40 
60 7 1090 3.636 93.53 19.96 79.57 
WO Peo! 13.40. De 92.71 22.02 ETL 
80 LEL 16.31 2792 91.88 24.09 “77782 
86 IE IE ZE 2.242 91.38 Pae Paal 
90 4.99 19.69 ZO a 91.04 26.18. 76.99 
100 8.90 23.60 1, 702 90.19 28.27 76.03 
ao tc. A 1.299 Eo 3040 7 
120 16:50 33620 1.251 88.47 32.93 74510 
WoO JOE 4-00 .9505 86.69 36.84, 72-07 
150 ë lS 4 52.60 .8240 85.78 39.02 TLL OO 
I Le 61.04 eae S400 DAUR 2B) GDES 


8-5. A table of the properties of Freon 11 (Carrene 
No. 2). 


Pressure Volume Density Heat Content 
Gas Liquid Bese lee 


Temp.F psig psia cu.ft./lb. lb./cu.ft. Liquid Latent 


-40 10.920 9,32 Pa MIL 94.58 O T20 
20) Aa 02 3.088 JAI 2205 72-67 
=20 8 19.26 aes 92.58 £07 FEO 
-10 Aa DO 19.20 2.003 JESN Gol 70.90 
O Ode 25507 LE 9022 8.25 69.96 

5 ILS 26.21 1.485 90.00 9.32 69.47 
10 IEA ee aS in oe, oo 89.45 10°39 EOT 
20 2l 2973 ILo ILZ 88.37 T2255” OT 
30 20540 43.116 ORE) S724 12g. 10 CE9 
40 OSE JOG omo? 86.10 wO 657l 
20 LOGI G2 oore 84 TOA 1O27 "ede! 
60 Dla PaA OITS Ba TE aLI 6322 
70 AOL 2) 64.62 ORAS) 82.60 23,90 OLOZ 
80 84.06 98.76 Or425 oles 20226) eUea2 
86 G32 LOG 0.389 80.63 2TA IO 
90 SDa “Ale. 3 0.368 SOLI 26.70 "29,02 
HOOT MSS LG O23 78.80 31.16" 3746 
Br 136.0 o7 Wee Tae FED 23 VE 
mo TT 61718 0.240 76.02 le J299 
moe 180.2 194.9 0.208 74.46 36.69) ee. 07 
140) 205.5 220.2 0.180 ‘(age 4.24 0.00 


8-6. A table of the properties of Freon F-12. 
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changes from a solid to a gas and does 
not go through its liquid state. 

8-5. FREON 11 (CARRENE #2) 

*  Trichloromonofluoromethane (CC1l3 
F) is a synthetic chemical produced 
especially for refrigeration use. It isa 
stable refrigerant, it isnon-flammable 
and non-toxic. As much as 35 pounds of 
this refrigerant can be used for each 
1000 cubic feet of air conditioned 
space (a room approximately 10 ft. x 
12.5 ft. x 8 ft). This refrigerant is 
considered a low pressure refrigerant 
as it has a standard low side pressure 
at 5 F. of 24 inch vacuum and a high 
side pressure at 86 F. of 18.2 psi, 
Figure 8-5. Its latent heat at 5 F. is 
84.0 Btu, but each pound forms 12.3 
cubic feet of gas at this temperature. 
This refrigerant is extensively used in 
large centrifugal compressor systems. 
Leaks may be detected by using the 
electronic detector or by using the 
halide torch. It is safe to use 35 pounds 
of this refrigerant per 1000 cubic feet 
of air conditioned space. 


8-6. FREON 12 (DICHLORODI- 
FLUOROMETHANE) 


Freon or dichlorodifluoromethane 
is a colorless, almost odorless gas 
with a boiling-point of -21.7 F. at 
atmospheric pressure. It is non-toxic, 
non-corrosive, non-irritating, and non- 
flammable. It is generally prepared by 
replacing chlorine in carbontetrachlo- 
ride with fluorine. Chemically it is 
inert at ordinary temperatures and 
thermally stable up to 1022 F., Figure 
8-6. 

Freon has a relatively low latent 
heat value and this is a decided ad- 
vantage in the smaller refrigerating 
machines, because the large quantity of 
liquid circulated will permit the use of 
less sensitive, more accurate, and 
more positive operating and regulating 
mechanisms, 


It operates at a low but positive 
head and back pressure, and witha good 
volumetric efficiency. 

A Freon leak may be detected by 
means of a halide lamp. This lamp may 
be described as atorch burning alcohol, 
which under normal conditions pro- 
duces a colorless flame. A tube fasten- 
ed to the base of the burner is used 
to conduct the air suspected of con- 
taining the vapor through the flame and 
over metallic copper. Owing to the 
breaking down of the refrigerant in the 
flame a volatile copper halide is form- 
ed, and a flame color changes fromthe 
normal colorless to bright green if the 
air contains as much as 0.01 per cent 
of the gas. 

It is only slightly soluble in water, 
and the solution formed isvery slightly 
corrosive to any of the common metals 
used in refrigerator construction. The 
addition of mineral oil to the gas has no 
effect upon the corrosive action, except 
possibly to decrease the amount of 
discoloration caused by the free water. 

1, It is non-flammable. 

2. It is non-explosive. 

3. It is non-irritating. 

4, It is non-toxic. 

5. It has no odor even in fairly high 
concentrations. 

6. It is stable. 

7. It is non-corrosive. 

8. It has no effect on flowers, 
fruits, vegetables, dairy pro- 
ducts, furs, or other materials 
being refrigerated. 

From an engineering viewpoint, 
complicated heat tables are used to 
study the properties of the refrigerants, 
but all that is needed to be known in 
order to understand the operation and to 
be able to service the mechanism is the 
temperature-pressure curve of the 
fluid, i.e., the vaporization temperature 
at any pressure, Figure 8-7. 

It is safe to use 30 pounds of this 
refrigerant per each 1000 cubic feet of 
air conditioned space. 
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This refrigerant is available in a 
variety of amounts in special cylinders 
and it can also be obtained in hermet- 
ically sealed one pound cans. The 
cylinder code color is white. 

A typical F-12 cycle is shown in 
Figure 8-8. The cycle is for a frozen 


foods unit. 


8-7. KULENE 


This refrigerant was especially de- 
veloped for low temperature systems. 
It has a boiling temperature of -73.6 F. 


per pound at 5 F. and a latent heat of 
44,88 Btu per pound at 5 F. 

This refrigerant is non-toxic and 
non-flammable which would put it in 
the Group I, Class 5 or 6, Fig. 8-9. 
It is a patented refrigerant and it has 
not been used extensively to date, It is 
usable with all common metals. 


8-8. FREON 13 (CHLOROTRI- 
FLUOROMETHANE) 


Freon -13 is a refrigerant espec- 
ially developed for low temperature | 
applications. It is a safe refrigerant to 
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8-7. A pressure-heat chart for F-12. 
(American Society of Refrigerating Engineers) ; 
t 

f 


at atmospheric pressure. Its condens- 
ing pressure at 86 F. is 247.1 psig. It 
has a gas volume of .3854 cubic feet 


PRESSURE PDS./SQ.IN ABS. 


50 
a TY Pb. 


TOTAL Me ar 


8- 
8. A pressure-heat diagram of freezer application for 
F-12 refrigerant, 


use both on a flammability basis and a 
toxic basis, 

Its boiling pressure at 5 F. is 17; 
psig and it must be condensed at tem- 
peratures less than 83.93, its critical 
temperature. Its latent heat at 5 F. is 
45.56 Btu per pound, Figure 8-10, 

The development of this refrigerant 
indicates the steady increase in low 
temperature refrigeration applica- 
tions, Figure 8-11. 


8-9. FREON 21 (DICHLOROMONO- 
FLUOROMETHANE) 


The 1935 Crosley rotary units used 
a refrigerant called Thermon, It isa 
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MAS SISA Volume Density Heat Content 
Gas Liquid BoT iDo 
ent P ë peig psia euro/os W/G it. Liquid) Latent 
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8-9. A table of the properties of Kulene 131. 


refrigerant very similar to F-114, 
having many of its characteristics, and 
its operating pressures are almost the 
same. Its boiling temperature under 
atmospheric pressure is 48 F., Figure 
8-12. It is practically non-explosive 
and non-flammable. Its odor is similar 
to chloroform and it is not irritatingin 
any way. It mixes in practically all 
proportions with oil and may be tested 
for leaks by using a halide torch. It is 
a non-corrosive and non-poisonous re- 
frigerant. It operates at 18.8 inches of 
vacuum at 5F. and at 15.8 psi at 86 F. 
Its liquid has a density at 5 F. of .0111 
cubic feet per pound and at 86 F. of 
0.119 cubic feet per pound. Its saturat- 
ed vapor has a density at 5 F. of 8.83 
cubic feet per pound and at 86 F. of 
1.87 cubic feet per pound. The specific 
heat of the liquid is approximately 
.26 Btu per pound per F. The latent 
heat of the refrigerant at 5 F. is 105.5 
Btu per pound. 


Approximately 13 pounds of this 


refrigerant can be safely used per 1000 
cubic feet of air conditioned space. 


8-10. FREON 22 (MONOCHLORO- 
DIFLUOROMETHANE) 


The Freon 22 refrigerant is a 
synthetic chemical specially developed 
for those refrigeration installations 
that have a very low temperature 
cooling unit. One example of this ap- 
plication is in fast freezing units which 
maintain a temperature of -20 F. to 
-40 F. The operating pressures of this 
refrigerant are such that it is not 
necessary to operate at below atmos- 
pheric pressures in order to obtain 
these low temperatures. 

The boiling point is -41 F. at at- 
mospheric pressure. It has a latent 
heat of 93.6 Btu per pound at 5 F. The 
normal head pressure at 86 F. is 160 
psi, Figure 8-13. This refrigerant is 
very Stable and is non-toxic, non- 
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ssure Volume Density Heat Content 
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Wo eL ATIE 0.17443 Tee I 12.696 44.479 
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A0 304.5 «31956 0.10455 Ga 7O l AVO hO 
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pom ool POLG 0.07945 62.97 26.418 30.946 
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4 0.05767 56.46 222 Zo 
T S 503.7 0.05027 53236 SDO Oe eZ 
2 0.04131 48.85 38.520 Estee 
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-10. A table of the properties of F-13. 
("Kinetic Chemicals Div.) 


202 


GE Ga Pena PO EY CS ee E 
Sa SE) Les es aes eae S 
e 


3 O O 
O l | a 


00 
Ô 


MER PN RA N 
me SS ee a 
OCS 
NEHMEN TEE 


pee 
NI 


man 
EA 
L- 4A 4 
WAC) 
ra 
a 


N 


A 
Bi a 


H po NN 


a Wail 


eA i: 
AAA te. 


i 


nite 


ae 


ha) 

> WE 

Uam 

m ON mmr 

KERNE 
OO el >, 

E Se 


ao DE O T E | 


AVAL VICE 


“4 


ROS 


Ba 


a 
ARIA 
aed 


30 
20 
I 


ARN 


=a ae 
LAL (el 
aT 


Nee 


a eae ee 


“FREON —13" 
MONOCHLOROTRIFLUOROMETHANE 
PRESSURE- ENTHALPY DIAGRAM 
"MIMETIC™ CHEMICALS DIVISION 
E I. DUPONT OE NEMOURS & COMPANY,IINC) 
WILMINGTON 98, DELAWARE 


203 


SR OTT Pe po 


Tora 
=r e 
REE 
SE 


E 


IRV) 
CEN 


Ses al eos ta) 
a Se SO =- 
MOREEN 


oes 


Temperoture in degrees F. 
Volume in cu. ft. per Ib 
Entropy in BTU per Ib. per degree F. 


ENTHALPY, BTUALB. 


Pressure-heat diagram for F-13. 
( Kinetic" Chemicals Div.) 


8-11. 


MODERN REFRIGERATION, AIR CONDITIONING 


Density Heat Content 
Liquid BATUNDE 
lb./cu.ft. Liquid Latent 

94.52 O de eG 
93.79 2.36 113.40 
93.04 BoT dae 
92.28 7.07 TMLee) 
91.52 9.44 109.93 
91.13 10.63 109.34 
90.74 WEN 108.76 
89.96 IAs AN O77 
89.16 16.61 106.37 
88 .35 19.04 LOME 
T SYA 21.49 103.90 
86.71 23.98 102.62 
85.87 26.49 Meal, 316 
85.03 29.03 99.95 
84.52 30.56 99.12 i 
Bih a li 31.59 98.55 
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8-12. A table of the properties of F-21. 
("Kinetic Chemicals Div.) 


Pressure Volume 
Gas 
Temp.F psig psia cu.ft./1b. 

0 27 dole 3985) 2209 
-30 26.08" 1.888 23.61 
-20 24.67" 2.578 17.66 
-10 22.87" 3.463 13.43 
0 20.59" 4.582 10.35 

5 IO AIU 9.249 9.13 
10 17.75" 5.978 e203 
20 WA Tells ap ES) 
30 9.98" 9.793 Sa IL 
40 4.04" 2.32 4.13 
50 Q63 1.32 Bao 
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90 IEEE A 1.62 
100 29.34 40.04 IEO 
LILO) AVO ATAO ey 
120 ALOS J2 V IROG 
130 50.49 69,15 .86 
140 61.02 75.72 76 
150 FASL GraAI New 
160 85.91 100.6 DO 

corrosive, non-irritating, and non- 


flammable, 

Water is more soluble in F-22 than 
F-12 by a ratio of 40:1. Water must be 
kept at a minimum in these refriger- 
ants so dryers or dessicants are used to 
remove most of the moisture. Because 
of F-22’s affinity for water more 
dessicant is needed to dry it. Some of 
the properties of Freon 22 are shown 
in Figure 8-14, 


8-11. FREON 113 (TRICHLORO- 


TRIFLUOROETHANE) 


Freon 113 is a very low pressure 
refrigerant that is used with centri- 
fugal compressors in air conditioning 
systems of large tonnage Capacity. At 
5 F. it evaporates at 27.92 inches 
vacuum, the gas occupies 27.04 cubic 
feet per pound and the latent heat is 
70.62 Btu per pound. At 86 F., the 
refrigerant condenses at a 13.93 inch 
vacuum, Figure 8-15. It can be tested 


for leaks by warming the refrigerant 

to 200 F. which will produce a pressure | 
of 39.96 psig. A halide torch is used, | 
At room temperature and pressure, 

the refrigerant is a liquid and it can 
therefore be carried in sealed tins © 
rather than in cylinders. It is classed | 
as a Group I refrigerant as to fire. 
safety, and as a Class 4 refrigerant as” 
to toxicity. 4 


8-12. FREON 114 (DICHLORO- i 
TETRAFLUOROETHANE) 


The 1934-54 Frigidaire refrigera- | 
tor mechanism used a refrigerant call- i 
ed F-114. This machine is a hermetic 
rotary machine using a capillary re- 
frigerant control. The refrigerant hasa 
boiling-point at atmospheric pressure 
of 38 F. The refrigerant has properties 
very similar to that of F-12 in regard 
to water and oil combination. The re-_ 
frigerant is of the same family as F-12, 
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Pressure Gas 
Volume 
Temp. psig psia cu.ft./lb. 
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Density Heat Content 
Liquid Bato Oley alone 

l1b./cu.ft. Liquid Latent 
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90.03 - 5.16 NO3 24 
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88.10 0.00 100.46 
37.09 2202 pomor 
86.06 IZE JDL 
84.99 7.96 95.96 
83.90 10.63 HA o oS} 
83.34 11.97 93.59 
82.78 13228 92.79 
81.63 15.98 91.15 
80.45 Eo TA 89.39 
79.25 21.70 87.39 
78.02 ARTS 85.25 
ZORA W 82.95 
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G Mad 77.86 
73236 36.28 76.19 
T28L 37.61 75.06 
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8-13. A table of the properties of F-22. 
(" Kinetic" Chemicals Div.) 


but its operating pressures are con- 
siderably lower. At 86 F. it hasa pres- 
sure of 21.5 psi gauge while at 5 F. its 
pressure is 16.1 inches of mercury 
vacuum, Figure 8-16. It is a colorless 
liquid having a slight odor. In addition 
to being non-explosive it is a non- 
corrosive liquid which will not corrode 
even in the presence of water. The 
halide torch is used to test it for 
leaks. Its boiling-point at atmospheric 
pressure is 38.4 F., while at 20 F., it 
has a latent heat of vaporization of 55 
Btu per pound. The specific volume of 
this liquid and the specific heat of the 
vapor at 70 F. are .0109 cubic feet 


per pound, and .15 Btu per pound re- 
spectively. The volume of the vapor 
when saturated at 70 F. is 1.15 cubic 
feet per pound, and the specific gravity 
of the liquid at this temperature is 
1.47. 

Approximately 40 pounds of this 
refrigerant can be used for each 1000 
cubic feet of air conditioned space. 


8-13. METHYLENE CHLORIDE 
(CARRENE #1) 


This refrigerant (dichloromethane), 
more popularly known as Carrene No, 
1, is a very low pressure refrigerant 
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8-15. A table of the properties of F-113. 
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8-16. A table of the properties of F-114. 
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( Kinetic" Chemicals Div.) 
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having operating pressures of 27.5 
inches vacuum at 5 F. and an 8,8-inch 
vacuum at 86 F. Its chemical formula 
is CHCl and its freezing temperature 
is -142 F. Figure 8-17. The gas has a 
slight odor which is not distasteful. It 
may be carried or stored in tins, al- 
though the refrigerant evaporates under 
room conditions fast enough to warrant 
sealing the cans in which it is stored. 
The refrigerant may be poured intoa 
system through a funnel when charging. 
The specific heat of the liquid is .34 
and its boiling-point at atmospheric 


Pressure 


Tempel psig psia 


10 aie" 
20 26.01" 
30 f au 
40 AS OVAN 


60 18,72" 
80 i. O2" 


Q SR e ea 
Ww 
oO 


100 Soyu a 2A 
120 4.20 19220 


140 w209) 26.79 


negligible, but any moisture may freeze 
at the refrigerant control. 

The Grunow used a 5/8 inch O.D. 
suction line because this refrigerant 
forms 49.9 cubic feet of gas per. 
pound at 5 F. However, this does not 
increase the power required to run 
the machine as the high side pressure 
is below atmospheric pressure. . 


Í 


8-14. GROUP II REFRIGERANTS 


The Group II refrigerants are toxic 
refrigerants that are irritating to 


Volume Heat Content 
Gas BENU TAD 


cu.ft./ib. Liquid Latent 
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8-17. A table of the properties of methylene chloride 
(Carrene No. 1). 


[American Society o 


pressure is 105 F. Its critical tem- 
perature is 421 F., and it has a latent 
heat of 162.1 Btu per pound at 5 F., 
Carrene has been used by the Carrier 
Corporation in air conditioning equip- 
ment, and was used in the Grunow 
domestic refrigerator. In combination 
with water the corrosive action is 


f Refrigerating Engineers) 


breathe and may or may not be slightly 
flammable. 
The refrigerants in Group IJ are: | 


Ammonia N H3 
Dichloroethylene C2H2C12 
Ethyl Chloride C2Hs5C1 l 
Methyl Chloride CH3Cl 
Methyl Formate HCOOCH3 
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8-18. Pressure temperature curves for Group Two refrigerants, 
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The pressure-temperature curves 
for Group II refrigerants are shown in 


Fig. 8-18. 


Ammonia was one of the first re- 
frigerants used. However, it is now used 


Density Heat Content 
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. A table of the properties of Ammonia. 


in large industrial installations only 
with the exception of the Servel ab- 
sorption refrigerator. The use of sul- 
phur dioxide has practically disappear- 
ed although at one time it was almost 
the only refrigerant used in domestic 
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refrigerators. Methyl chloride has also 
almost disappeared in new machines. 
However, there are many sulphur diox- 
ide and methyl chloride charged units 


still in use. 


8-15. AMMONIA 


Ammonia is one of the most com- 
mon of all the refrigerants for large 
industrial use. It is a chemical com- 
pound of nitrogen and hydrogen (NH3) 
and under ordinary conditions is a 
colorless gas. Its boiling temperature 
at atmospheric pressure is -28 F. and 
its melting-point from the solid -108 F. 
The low boiling-point makes it possible 
to secure refrigeration at temperatures 
considerably below zero without re- 
sorting to pressures below atmospheric 
in the evaporator. Its latent heatatoF. 
is 565 Btu per pound, so that large 
refrigerating effects are possible with 
the use of relatively small-sized mach- 
inery. Condensers for ammonia mach- 
ines are almost always of the water- 
cooled type. Under ordinary operating 
conditions, the condenser pressure will 
vary from 150 to 200 pounds per 
square inch, Figure 8-19, 

Ammonia is somewhat flammable 
and with the proper mixture of air will 
form an explosive mixture. Accidents 
from this source, however, are rare. 
Ammonia gas is not classed as poison- 
ous, but its effect on the respiratory 
system is so violent that only very 
Small quantities of it can be breathed. 
About .35 volumes per 100 volumes of 
air is the strongest concentration bear- 
able for any length of time. Because of 
its pronounced and distinguishable odor 
and also the white smoke-like fumes 
that it forms in the presence of sulphur 
vapor, ammonia leaks may be quickly 
and easily detected, 
ee cee ree” 
cae a presence otia little 

, ot corrode iron or 


steel, and it presents no special pro- 
blems in connection with lubrication 
other than those attendant upon the 
extreme temperatures encountered in 
the system. Ammonia gas is extremely 
soluble in water. It is used in large 
machines and in practically all of the 
absorption types. Refer to Figure 8-18 
for the vapor pressure curves for this; 
refrigerant. | 
| 


8-16. ETHYL CHLORIDE 


Ethyl chloride is a little used re- 
frigerant which is similar in many, 
respects to methyl chloride, being a 
member of the same chemical family.’ 
The outstanding difference is found in 
the low pressure at whichit evaporates, 
At atmospheric pressure, the boiling 
temperature of ethyl chlorideis 55.6 F. 
Therefore, it is necessary to operate 
with an evaporator pressure below that 
of the atmosphere. This disadvantage is 
somewhat counterbalanced by the cor- 
respondingly low pressure encountered 
in the condenser, Pressures in thel 
condenser of from 10 to 20 psi are 
common, and, as a result of the low 
pressure operations, ethyl chloride is 
sometimes more suited for use in the 
rotary compressor than in the more 
common reciprocating type. 

The use of ethyl chloride presents 
the same difficulty of lubrication ana 
leak detection as does methyl chloride, 
and the substance itself possesses 
similar explosive and combustible 
characteristics. Its odor is similar tc 
that of ether and its effect is of a like 
nature but much milder. Its latent heat 
of evaporation at 5 F. is 177 Btu per, 
pound, It is not being used in any re- 
frigerator produced at present, al- 
though it was used in the Holmes” 
two-stage rotary machine and in the 
Welsbach. Refer to Figure 8-18 forthe 
vapor pressure curves for this re- 
frigerant. 
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8-17. METHYL CHLORIDE 


Methyl chloride is classed as non- 
‘corrosive in a dry state. It is a poison- 
ous refrigerant and should be treated 
iwith great respect. Carbon tetrachlor- 
ide, a common solvent in refrigeration 
iwork, is closely related and carries the 
‘Same hazard. Breathing of sufficient 
quantities of these chlorinate mate- 
rials will result in suspension of the 
respiratory functions, damage to the 
liver, kidneys, and central nervous sys- 
tem. Their effects are cumulative, 
building one exposure ontop of another. 
Many deaths have resulted from these 
materials. 

The boiling point of methyl chloride 


at atmospheric pressure is -11.36°F. 


and its melting point is -136 7°F. Its 
critical temperature is 289.6°F. The 
latent heat of evaporation at 5°F. is 
178.5 BTU per pound. Condenser pres- 


Density Heat Content 
Liquid BARAUT lie 

1b./cu.ft. Liquid Latent 
63.98 (@) 123 
63.40 4 182 
62.77 Yo 181.8 
C27 DTO 180.5 
Gleam 14.9 179.5 
61.20 HORS 170 
60.89 18.0 MS 
60.23 21.7 NRE 
59,62 25.2 MORO 
58.96 28.9 AS 
ELS 320 172.8 
IROZ PORA 17052 
56.91 20m9 167.5 
56.22 44.9 Go 
Inoy LORS TOLTO 
Be | 45.0 162.0 
54.84 2220 158.5 
D ke De 193.2 
53.936 59.0 152 
oer 62.5 148.8 
eee 67.0 144 
aes ean (AGED 139.6 
R TID 134.0 


8-20. A table of the properties of Methyl Chloride. 


sures are in the vicinity of 100 psi for 
the methyl chloride machine. The con- 
densing pressure will be substantially 
reduced when water cooled condensers 
are used. 


Methyl chloride is combustible and 
explosive but wide usage inthe fieldhas 
established that these properties are 
not limiting factors if the refrigerantis 
used with normal caution. Refer to 
Figure 8-20 for a table of the properties 
of methyl chloride. 

Leaks may be detected in methyl 
chloride either by the soap bubble 
method or the halide torch test. In the 
latter test if methyl chloride is passed 
through a colorless flame over hot 
metallic copper, the flame will turna 
brilliant blue-green in the presence of 
minute quantities of the refrigerant. 

Much copper plating has been ex- 
perienced in methyl chloride machines. 
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We now know that insufficient quantities 
of desiccant were used and many methyl 
chloride machines were very wet and 
acidic. Copper plating was the natural 
result of these conditions. Adrier eight 
times as large as for the same poundage 
of 'Freon-12" should be used. Copper 
plating does not take place in dry 
machines. 

Conventional "Freon" oils may be 
used with methyl chloride. Low wax 
content oils of this type are preferable 
to prevent plugging of capillary tubes 
and expansion valves with wax. 


2 inches of vacuum, The gas is slightly 
flammable and at 5 F. 1 pound forms 
47 cubic feet of gas. Its freezing-point 
is -148 F. and it has a critical tem- 


perature of 418 F. The latent heat of the 


gas at 5 F, is approximately 236 Btu 
per pound. The specific gravity of the 
liquid is .9531 and the specific heat of 
the liquid is .515 Btu per pound. 

The General Electric unit, which 
uses this refrigerant, has a vertically 
mounted motor under a dome driving a 
rotary compressor directly. The unit 
looks similartothis Company’s sulphur 


Pressure Volume Density Heat Content 
Gas Liquid BET UNADI 

Temp.F psig psia cu.ft./lb. lb./cu.ft. Liquid Latent 
-40 EESTI Bo 2 eee 95.79 0.00 178.61 
-30 Pill OZ 3510, E 94.94 2.93 176.97 
-20 17653" DEBA AEA 94.10 5.98 175.09 
-10 13.9" aeS 9.44 sat 9.16 172.97 
0 ELEAN 10.35 7.28 O22 12.44 170763 
5 DETR ULEI Gel 92.00 WMA EG E; 
10 ZoD MEAZ 5.682 91.58 15.80 168.07 
20 2.46 917 18 4.487 90.71 19.20 105.32 
30 PO AA Bio DEL 89.76 22.64 162.38 
40 LZA 27.10 22887 88 .81 Aol 150.25 
50 W7 IAS 2R AS 87.87 29.61 155.95 
60 26.23 40.93 1.926 86.95 33.10 52.49 
70 34.92 49.62 1.590 86.02 86.068 MEE 
80 44.98 59.68 Pa32i 85.03 AONA MS ie 
86 Slo Gavi LAES 84.44 42.42 “142780 
90 WODI (lao ILo IOA 84.05 AADO IALA 
100 69.82 84.52 9262 83.07 26.90 A7 20 
110 85.06 99.76 7804 82.03 90.26 0s 
120 106.23 120.93 6598 80.90 22.95 ETS 
130 121.78 136.48 D593 79.81 56.65 124.39 
140 143.91 158.61 S 78.01 60.04 119.90 


8-21. A table of the properties of Sulphur Dioxide. 


8-18. METHYL FORMATE 


The General Electric Corporation 
has produced some refrigerators using 
methyl formate. This is a relatively 
rare refrigerant. The chemical formula 
is HCO9CH3 or CoH40s and its operat- 
ing pressure at 5 F. is 25.9 inches 
vacuum while at 86 F. its pressure is 


dioxide monitor top refrigerator. Refer | 
to Figure 8-18 for the vapor pressure 
curves for this refrigerant. 


8-19. SULPHUR DIOXIDE 
Sulphur dioxide was used in many of 
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the early automatic refrigeration units. 
Sulphur dioxide was first produced in 
1775 and in addition to its use as a 
refrigerant, it has considerable use in 
the industries for such purposes as 
refining sugar, bleaching wool, pre- 
serving food, and fumigating. It is 
usually produced bythe burning of 
sulphur in the presence’ of’oxygen. Its 
chemical formula is SO 9. At atmos- 
pheric pressure and all temperatures 
above 14 F. it is a colorless gas of 
very pronounced odor. Its boiling-point 


at atmospheric pressure is 14 F. and 


-103.4 F. 


temperature is about 314.8 F. As a 
result of its boiling temperature being 
at 14 F., it is necessary to operate at 
pressures somewhat below atmos- 
pheric when temperatures below this 
figure are required. Little difficulty, 
however, has been experienced as a 
result of this and other advantages 
tend to offset it. The boiling-point, 


melting-point Its critical 


for instance, makes condensation of the 


gas easy and it is rarely necessary to 
exceed a pressure of 100 psi in the 
condenser. Water-cooled machines 


| with as low as 30 pounds pressure in 


the high side are not uncommon in 
winter operation. Refer to Figure 8-21 
for a table of the properties of sulphur 
dioxide. 


The latent heat of sulphur dioxide 
at 5 F. is 169.38 Btu per pound. This 
is not quite one-third of the value for 
ammonia under the same conditions; 
and although it makes necessary a 
circulation of almost three times the 
amount of sulphur dioxide as of am- 
monia for the same amount of re- 
frigeration, it is not a disadvantage in 
the case of the small capacity mach- 
ine, for it permits the construction of 
the parts of a sufficiently large size to 
be practical and efficient. 


Sulphur dioxide is non-explosive and 


REFRIGERANTS 


non-flammable. Although of an irritat- 
ing odor, it is comparatively non-toxic. 
As little as three parts by volume, in 
one million parts of air, is enough to 
produce a noticeable odor and thus call 
attention to the presence of the gas. In 
addition to its odor, SO9 leaks are 
easily detected and located by means of 
a 28 per cent solution of ammonia. 
With this method the most minute leak 
can be detected. The aqueous ammonia 
is purchasable in any drug store and 
when used with a swab the presence of 
SOs is revealed bya white smoke form- 
ing when the ammonia vapors and the 
SO» vapors react. 


The lubricating problem in connec- 
tion with SO9 is perhaps easier than 
with any other refrigerant, for sulphur 
dioxide itself possesses certain lub- 
ricating properties. It does not react 
chemically with the proper kind of oil 
and is approximately 50 per cent heav- 
ier than the oil. One must remember 
that oil is not soluble in any refrigerant 
while that refrigerant is in its gaseous 
state. Most oils are somewhat soluble 
in SOs (8 to 10 per cent), but the usual 
extent of solubility is more of an aid than 
otherwise, for it permits of a desirable 
circulation of the lubricant with the refrig- 
erant. The best oil to use is thoroughly 
dehydrated, pure mineral] oil. 


The only characteristic of sulphur 
dioxide that is not desirable from the 
standpoint of its use as a refrigerant 
is its action in the presence of mois- 
ture. SO combines with water to form 
sulphurous acid, which attacks the 
ferrous metals of the system. Thereis 
no danger of this, however, when mois- 
ture is not present, and modern meth- 
ods of manufacture have entirely over- 


come the corrosion hazard. ‘‘Baking’’ 
or heating all the parts before assemb-~ 
ling them into the system minimizes 
corrosion. Refer to Figure 8-18 for the 
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vapor pressure curves for this re- 
frigerant. 


8-20. GROUP IlI REFRIGERANTS 


Those refrigerants that have a high 
tendency to burn or forma combustible 
mixture with a wide range of concentra- 
tion in air are classified as Group III 
refrigerants. Under proper design and 
installation conditions some of these 
refrigerants perform remarkably well. 


The refrigerants in Group III are: 


Butane C4H10 
Ethane CoHg 
Iso-Butane (CH3) CH 
Propane C3H3 


The pressure-temperature curves 
for the Group III refrigerants are 
shown in Figure 8-22, 


8-21. BUTANE 


Butane has apressure-temperature 
relationship of 13.2 in hg at 5 F. and 
30.5 psi at 86 F. It has a latent heat 
of 170.7 Btu at 5 F. and of 154.0 Btu at 
86 F. It forms 9.98 cubic feet of gas at 
0 F. and 2.24 cubic feet at 86 F. 


8-22. ISOBUTANE 


Iso-Butane, or Freezol, is a re- 
frigerant of the butane family of com- 
pounds which was used by the Copeland 
Company in their refrigerators until 
1933. Its properties are such that it 
boils at 10.3 F. at atmospheric pres- 


Sure and has a freezing-point of -229 F, 


A good feature of the gas is its critical 
temperature of 273 F. which is above 
the temperature of any refrigerator 
apparatus. The refrigerant is non- 
corrosive in the presence of water and 
the lubrication of the system is not 


difficult. Its chemical formula is the 
Same as that of butane C4H19 but the 


bonds are different, giving completely 
different physical characteristics. The 
gas has a specific volume of 7.17 
cubic feet per pound at 0 F. anda 
latent heat of 159.5 Btu per pound at 
SF. 


The only method of testing the sys- 
tem for leaks is to build up a positive 
pressure and use oil or soap bubbles. 
A seal leak may be detected by sub- 
merging the compressor in a quantity 
of water after a pressure is built up in 
the crankcase with air or other means, 
Another method is to run the com- 
pressor with both the suction and dis- 
charge service valves closed and with 
gauges in the gauge openings. An in- 
crease in the high side gauge reading 
indicates a low side leak. A trace of 
sulphur dioxide may be put into the 
system for testing for leaks, but the 
idea is not recommended because if 
the system is not moisture free, cor- 
rosion will follow. Moisture in the 
normal system will freeze at the ex- 
pansion valve and clog the orifice, but 
a dehydrator will remove this trouble. 
Refer to Figure 8-22 for the vapor 
pressure curves for this refrigerant, 


8-23. PROPANE 


Propane is a medium highpressure 
refrigerant. One must reduce thecool- 
ing unit temperature to -14 F. to use 
pressure below atmosphere. 


At 5 F. in the evaporator each 
pound forms 248 cubic feet of vapor at 
27.2 psi. At this temperature each 
pound has a latent heat of 170.2 Btuper 
pound. 


Propane is a common fuel for many 
heating and power applications. It is a 
product of refining crude oil. Some 
cross country refrigerated trucks use 
propane as a fuel in place of gasoline. 
Since the propane is confined under 
pressure in the fuel tank, if it is 
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allowed to vaporize at a reduced 
pressure, the heat absorbed in changing 
from a liquid to a gas amounts to 
approximately 170 Btu per pound. By 
using vaporizing coils in the refrig- 
“erated truck space this cooling effect 
is used to aid in maintaining necessary 
refrigeration within the cargo space. 


1. A non-condensible gas in the 
condenser; air for example. The air 
won't condense and due to Dalton’s Law 
the head pressure will be the refrig- 
erant’s gas pressure plus the air 
pressure. 

2. An overcharge of refrigerant in 
a system using a low side float, an 


war (08 
mea 


HL Ae 
UE. 
| Ye 


PEN 
KETY 
Fa 


O 50 60 76 82 FW JM 
PRESSURE PSIG 


8-22 Pressure temperature curves for Group Three refrigerants. 


Refer to Figure 8-22 for the vapor 
pressure curves for this refrigerant. 


8-24. HEAD PRESSURES 


The proper head pressure, high side 
pressure, or condensing pressure is 
very important. If the condensing pres- 
sure is too high, the compressor has 
to work too hard and too much gas is 
left in the compressor clearance pocket 
which will reduce the volumetric effic- 
iency and finally the temperature ofthe 
exhaust gas will be excessive and may 
cause oil deterioration. Above normal 
head pressures are caused by one of 
four things: 


expansion valve, or a thermostatic 
expansion valve will fill some of the 
heat removing space in the condenser 
with liquid refrigerant and reduce the 
condensers heat removal ability. 

3. If either side of the heat transfer 
surface is dirty, this dirt will actasan 
insulator and the heat removal capacity 
of the condenser will be lowered and 
the condenser temperature must raise 
to overcome this handicap. 

4, If the air movement or the water 
movement in the condenser is reduced 
by blocked air passages or poor water 
line there will not be enough heat 
removing media to remove the heat 
from the condenser. 
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In air cooled condensers, the head Retail Market Cooler 35-42 
pressure should correspond to a tem- Pastry Display Case 45-50 
perature between 30 F. and 35 F., ie Staal Service 
higher than the ambient temperature or Refrigerator l 36-40 
the temperature of the air passing over Restaurant Storage Cooling 38-45 
the condenser. Top Display Case (Closed) 35-42 


In a water cooled condenser, the Vegetable Display 


head pressure should correspond to Refrigerator (Open) 35-55 

temperature 15 F. to 20 F., above the Vegetable Display 

exhaust temperature of the water. Refrigerator (Closed) 35-48 
Refrigerator temperatures depend 

8-25. LOW SIDE PRESSURES on the material put in the fixture. The 


following list is based on the applica- 
The low side pressure in a re- tion of the fixture: 


frigerating system depends on the use Application Temperature F. 
the refrigerating system is put to and Candy Storage 29-40 
the type of evaporating or cooling coil Meats 35-40 
used, Bananas 60-70 
One must first ascertain the tem- Candy Display Storage 60-70 
perature that is desired in the cabinet Fresh Meats 28-32 
or fixture and then adjust the motor Aging Room 35-38 
control until this temperature is main- Chill Room 35-39 
tained. However, there are many cases Curing Room 38 
where both a certain cooling coil tem- Freezer Room -15 
perature and a cabinet temperature Poultry 28-30 
relationship should exist. Vegetables, Fresh 32-40 
Certain cabinet temperatures are Jce Cream Hardening 525 
fairly standard and the following isa Ice Cream Storage -10-0 
widely accepted list of cabinet tem- Plants and Flowers 38-50 
peratures: Fur Storage 15-40 
5 Locker Room 0- 5 
Fixture Temperature F. 
Back Bar 40-45 It is necessary to have the correct 
Beverage Cooler 40-45 sized cooling coil to produce the tem- 
Beverage Pre-Cooler 35-40 perature desired, If the coil is over 
Candy Case (Display) 65-70 capacity it will have an above normal 
Candy Case (Storage) 58-65 temperature and if the coil is under- 
Dairy Display Case 40-45 sized it will have to be at a below 
Double Display Case (Duty) 35-42 normal temperature. 
Delicatessen Case 40-48 The refrigerant will always be cold- 
Dough Retarding er than the coil when the unit is running 
Refrigerator 35-40 and for the same reason the cooling 
Florist Display coil will always have a lower tem- 
Refrigerator 40-50 perature than the fixture temperature. 
Florist Storage Case 38-45 Normally the refrigerant will be 10 
Frozen Food Cabinet F. colder than the coil temperature 
(Closed) -5 -0 when the unit is running and the re- 
Frozen Food Cabinet frigerant and the cooling coil will 
(Open) -10 -5 become the same temperature during 
Grocery Refrigerator 35-42 the off cycle. 
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The cooling coil surface tempera- 
ture is definitely dependent on its size 
as compared to the heat it must re- 
move from the fixture per unit oftime. 

A standard air cooling coil of the 
«frosting type (domestic type) will vary 
from 0 F. to 25-F. and ‘the refrigerant 
temperature will be about 10 F. lower 
than this or in the range of -10 F. to 
15 F. 


8-26. USE OF THE PRESSURE 
TEMPERATURE CURVES 


The vapor pressure curves repre- 
sent the various pressures produced 
by the refrigerants under various tem- 
peratures. The vertical scale is the 
F. temperature scale. To determine 
the pressure of the refrigerant at any 
particular temperature, read horizon- 
tally from the temperature reading 
until the curve of the particular re- 
frigerant is reached; then move direct- 
ly down and the pressure may be read 
on the horizontal scale. For example, 
the pressure of methyl chloride at a 
refrigerant temperature of 100 F. is 
104 psig. The temperature is always 
the temperature of the refrigerant. 
The same curve may be used for 
determining both the condensing and 
evaporating temperatures and pres- 
sures, The condensing values are the 
higher values. When using this chart, 
several things must be kept in mind: 

1, The temperature of the refrig- 
erant in the cooling coil is ap- 
proximately 8 F. to 12 F. colder 
than the coil when the compres- 
sor is running. 

2, The temperature of the refrig- 
erant in the cooling coil is the 
Same as the coil temperature 
when the compressor is stopped. 

3. The temperature of the refrig- 
erant in an air-cooled condenser 
is approximately 30 F. to 35 F. 
warmer than the room tempera- 
ture. 


4, The temperature of the refrig- 
erant in a water-cooled con- 
denser is approximately 20 F. 
warmer than the watertempera- 
ture at the drain outlet. 

5. The temperature of the refrig- 
erant in the condenser is the 
Same as the temperature of the 
cooling medium after the unit has 
been shut off for 15to 30 minutes. 


8-27. USE OF PRESSURE 
TEMPERATURE TABLES 


The pressure-temperature re- 
lationship of the refrigerants under 
saturated conditions can be shown in 
the tables as well as pictured in 
graphs. 

The table can also be used to show 
the volume of one pound of the gas at 
that temperature, as well as the latent 
heat, the specific heat of the liquid, 
and the density of the liquid. All these 
values are of great value to an engineer 
and to a sales engineer. 

To use the tables select the tem- 
perature being investigated in the left 
hand vertical column and then move 
across to the other columns horizon- 
tally to determine the pressure, etc. 


8-28. SELECTION OF REFRIGERANT 


To have an economical refrigerator 
mechanism the designer must choose 
the refrigerant that will qualify and 
also be good in the following respects: 
In order to refrigerate, the gas when 
passing from a liquid to a gas must 
absorb heat; that gas which absorbs 
the most heat per pound as it changes 
its state is usually the most desirable. 
That is, any fluid which will answer the 
practical requirements and which re- 
quires a great deal of heat to change it 
from a liquid to a gas is the re- 
frigerant wanted. There are several 
other design requirements to be met, 
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one of which is that the specific volume 
of the gas, and volume per unit of 
weight, must be kept smallinorder that 
a compressor of small size may be 
used. 

It must not be forgotten that cost 
and availability determine to a con- 
siderable extent the kind of fluid used. 

All of the above factors decide 
which refrigerant is to be used; the 
final choice is that one which satisfies 
the greatest number of all of the above 
and all of the necessary requirements. 


8-29. HERMETIC SYSTEM 
REFRIGERANTS 


The first hermetic units produced 
in the 1920’s used sulphur dioxide 
refrigerants. The properties of this 
refrigerant are explained in Paragraph 
8-19, In the late 1920's and early 1930's 
methyl chloride was used to some 
extent. The Grunow refrigerator used 
Carrene (methylene chloride), In 1934 
the Frigidaire Corporation introduced 
their hermetic unit using Freon 114. 
This refrigerator has been the ex- 
clusive user of this refrigerant in most 
of their small hermetic units ever 
since, The Crosley Corporation used 
F-21 (Thermon) with their 1935 units. 
However, the most popular hermetic 
refrigerant has been, and still is, 
Freon 12 except for low temperature 
units (Frozen Foods units) where Freon 
22 is quite popular. The properties of 
Freon 12 are described in Paragraph 
8-6. The refrigerants used inhermetic 
refrigeration units must be of the best 
quality. They must contain an absolute 
minimum of foreign matter and mois- 
ture. And it is imperative to transfer 
these refrigerants in chemically clean 
cylinders and lines. Always charge a 
unit with refrigerant in the gas form 
(never put liquid in the unit), Always 
warm the charging cylinder with water, 
never use an open flame because of 
danger of overheating. 


8-30. CHANGING REFRIGERANTS 


it is not recommended to change 
refrigerants in a machine that has been 
designed for a particular refrigerant. 
However, if this has to be done in 
extreme cases, the following pointers 
may prevent considerable trouble. In 
general, it is best to use expansion 
valves and a dry system when sub- 
stituting refrigerants rather than at- 
tempt to recalibrate float controls; also 
it should be remembered that many 
small engineering features that are 
incorporated in a unit to promote 
efficiency forthe particular refrigerant 
selected will be lost if a change in 
refrigerant is made. 

If a capillary tube is used it will 
need replacement if the density or the 
pressure differences are changed. Al- 
ways remember tocleanthe mechanism 
thoroughly and replace the oil before 
the refrigerant is changed. 


REPLACING FREON-12 
WITH METHYL CHLORIDE 


8-31. 


Methyl chloride is the most fre- 
quently used substitute for Freon. Its 
use is only recommended in extreme 
cases of emergency and Freon (F-12) 
should be put back into the unit as soon 
as possible. 

Do not put methyl chloride in Freon 
units that use aluminum gaskets. The 
conversion may be done in small dom- 
estic units without any changes, if auto- 
matic expansion valves or high side 
floats are used. If thermostatic expan- 
sion valves are used, they must be 
readjusted or replaced. The unit will 
run more of the time; however, the 
power consumption will not be much 
greater due to the lower head pres- 
sures, The cost of operation may be 
Slightly increased. 

Larger units may necessitate a 
larger motor pulley (25 per cent in- 
crease in diameter) in order that the 
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compressor may be speeded up to take 
care of the increased volume of gas. 
This increase in pulley size may de- 
mand a longer belt. Excessive com- 
pressor speeds should be avoided. 


% 


A 


SUBSTITUTING METHYL” 
CHLORIDE FOR“SULPHUR 
DIOXIDE L 


8-32. 


It is possible to make this change, 
but a smaller pulley should be put on the 
motor, for the compressor will not have 
to run as fast for methyl chloride; also 
the higher head pressure under which 
methyl chloride operates makes it 
necessary to use a smaller pulley on 
the motor or to replace the motor with 
a larger one. If any kind of float re- 
frigerant control is used, it must be 


replaced with the float for methyl 


chloride; the density of the two re- 
frigerants is entirely different, as may 
be seen from the table (Figure 8-20). 
It is common practice to use an ex- 
pansion valve to replace float refrig- 
erant controls when changing refriger- 
ants. 


8-33. SUBSTITUTING SULPHUR 
DIOXIDE FOR METHYL 
CHLORIDE 


This may be done, but the compres- 
sor must be speeded up and the system 
must be thoroughly dried out (baked at 
200 F. under a vacuum for 8 to 24 
hours). The speeding up of the com- 
pressor is necessary to handle the 
increased gas volume. Because of the 
lower high side pressure, this can 
usually be done by increasing the size 
of the motor pulley and without changing 
the motor. Again, attention must be 
given to the refrigerant control, if itis 
other than an expansion valve, to make 
sure that all floats are calibrated for 
the refrigerant being used. 


8-34. SUBSTITUTING SULPHUR 
DIOXIDE FOR ISO-BUTANE 


It will usually be safe to make such 
a change without making any change in 
the pulley sizes, although the motor 
will have to work a little harder unless 
a smaller pulley is used. Again, this 
system must be thoroughly dehydrated 
by being baked at 200 F. under a 
vacuum for 8 to 24 hours. Also, the 
refrigerant controls must be checked to 
make sure they are calibrated for the 
new refrigerant. 


8-35. SUBSTITUTING SULPHUR 
DIOXIDE FOR ETHYL 
CHLORIDE 


It is not recommended that this 
change ever be made, as many radical 
changes are necessary. However, if it 
is done, a larger motor must be 
installed and the system thoroughly 
dehydrated as for other sulphur dioxide 
installations, Also, the refrigerant con- 
trols must be changed. 


8-36. AMOUNT OF REFRIGERANT 
IN SYSTEM 


The amount of refrigerant that 
should be in a system varies with the 
type of system. Low side float, auto- 
matic expansion valve, and thermo- 
Static expansion valve systems are not 
critical as to the amount of refrigerant. 
The method of checking is to charge 
gas refrigerant into the low side of the 
system until the cooling coil has its 
normal amount, the liquid line is at 
room temperature and there is no 
hissing sound at the refrigerant control 
valve. If a pound or two more are put 
in the unit this extra refrigerant will 
become a reserve stored in the liquid 
receiver, The smaller the unit the less 
amount of refrigerant is needed as a 
reserve, A sure way todetermine ifthe 
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system has sufficient refrigerant is to 
put a sight glass in the liquid line. 
The appearance of gas bubbles in this 
sight glass is the sign that the system 
is short of refrigerant and it should be 
charged until the gas bubbles disappear, 
Figure 8-21. 

Most systems which use a high side 
float or a capillary tube are very 
critical as to their refrigerant charge. 
If the system is overcharged, the cool- 
ing coil will flood and liquid refrigerant 
will flow down the suction line causing 
sweating and/or frosting of this line. If 
the system is undercharged, the cooling 
coil will be undercharged or starved. 
The use of accumulator spaces at the 
outlet of these cooling coils relieves 
the problem somewhat but one must 
always be careful of the amount charged 


8-37. REVIEW QUESTIONS 


1. Why is ammonia not popular in 
the compression type, domestic 
machines? 

2. How may one test for sulphur 
dioxide leaks? 

3. Why has ethyl chloride been dis- 
continued as a domestic refrig- 
erant? 

4, What is a common head pressure 
for air-cooled sulphur dioxide 
refrigerators? 

5. What is the method used to locate 
methyl chloride leaks? 

6. What are the low side pressures 
at 5 F. for sulphur dioxide and 
methyl chloride? 

7. What does ‘‘halide’’ mean? 

8. What does toxic mean? 

9. What refrigerator used Carrene? 

0. What oil properties are required 
with sulphur dioxide? 

11. What other name is F-12 known 

by ? 

12. What properties must oil used 
with methyl chloride have? 

13. What is the pressure of Freon-12 
at 95 F.? 


into these systems. A very common 
method of charging these units is to 
slowly charge these systems until the 
suction line starts to sweat and/or 
frost back and then purge a little ata 
time until the frost back disappears. 


Remember that one should always 
charge a system into the low side if 
possible and the refrigerant should be 
put into the system in the gas form. 
Forcing liquid refrigerant into a sys- 
tem may cause serious damage to the 
pump and occasionally has caused ser- 
ious accidents to servicemen. 


Also one should remember that ifa 
system is short of refrigerant, that the 
system has a leak. This leak should be 
located and corrected before the system 
is charged. 


14, Whatis the temperature of methyl 
chloride under a pressure of 20 
pounds per square inch gauge? 

15. What is the pressure of carbon 
dioxide at 0 F.? 

16. Is it advisable to substitute re- 
frigerants in a system? 

17. How may one determine the re- 
frigerant temperature in an air- 
cooled condenser? 

18. What refrigerator used Thermon 
as a refrigerant? 

19. Name the refrigerants that may 
be tested for leaks with the halide 
torch? 

20. What will be high side pressure 
(gauge) in an air-cooled con- 
denser using methyl formate 
while the condensing unit is run- 
ning if the room temperature is 
75 F.? 

21. What isthe normal head pressure 
for an air-cooled F-22 system? 

22. Is the refrigerant temperature in 
the cooling coil the same tem- 
perature as the cooling coil? 

23. What effect does air in the sys- 
tem have on the head pressure? 
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Chapter 9 


« 


_ _. DOMESTIC 


REFRIGERATOR CABINETS 


The refrigerator cabinet has under- 
gone considerable change during the 
forty years of its evolution asakitchen 
necessity. The original cabinets were 
replicas of the ice box. Wood cabinets 


_of multiple door construction and fin- 


ished in natural wood finishes were 
common practice. Solid brass, nickel 
plated hardware was standard. The 
cabinet lining was galvanized iron or 
sheet zinc. Wood or wire mesh shelves 
were used. These units weighed as 
much as 1000 pounds. 

Originally the electric refrigera- 
tor consisted of a cooling coil install- 
ed in the ex-ice compartment. The 
condensing unit was ordinarily installed 
in the basement. 

The present day refrigerator is a 
tremendous improvement over sucha 
unit. Refrigerators to-day are scienti- 
fic marvels of maximum storage space 
for minimum exterior dimensions, 
They have air conditioned interiors; 
efficient, light weight, long lived re- 
frigeration units; provide temperatures 
as low as - 20 F.; have finger-tip door 
control; ice cube removal; shelf avail- 
ability and functional beauty. These 
features are all results of considerable 
research, 

Most of the manufacturers have tak- 
en advantage of the greater compact- 
ness of the hermetic unit to decrease 
the condensing unit space, and to en- 
large the refrigerated space. Some 


companies have designed units socom- 
pact that they are mounted in the back 
of the cabinet and the full height of the 
refrigerator can be used for cold stor- 
age. Most refrigerator models are ex- 
amples of this practice or accomplish 
the same purpose by locating the con- 
densing unit near the bottom and back 
of the cabinet. 

The hardware has been consider- 
ably improved for ease of operation 
and for durability. The practice of con- 
cealing the hinges and the latch is still 
progressing. The cabinets are much 
lighter as the companies improve on 
structural design, more efficient in- 
sulation, and use lighter mechanisms. 

Several concerns have produced re- 
frigerators with overall heights of 30 
inches so they may be used as tables 
Fig. 9-1. Some refrigerators are being 
incorporated in  stove-refrigerator 
combinations, Automatic defrosting is 
popular, as is the use of ultra-violet 
ray lamps. Most cabinets now use a 
white lacquer exterior and a porcelain 
interior witha variety of colored plastic 
trim. 


9-1. PURPOSE 


The purpose of a domestic refrig- 
erator is to provide a low temperature 
storage place for foods and beverages. 
The low temperatures made available 
enable people to have fresh fruits, 
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vegetables etc. at less expense. It en- 
ables a constant supply of ice, and will 
keep frozen foods for long periods. 


9-2. CLASSIFICATION 


Cabinets are classified on many 
different bases: The net volume of the 
cabinet, right or left door opening de- 
sign, with or without a frozen food 


9-1. 


A table height refrigerator. It is used in apart- 
ments, recreation rooms, etc. 
(Glascock Bros. Mfg. Co.) 


compartment, etc. The main parts of a 
refrigerator are the frame, the inner 
Shell, the outer shell, the insulation, 
the door, the cooling coil, the con- 
densing unit, and the hardware, 


9-3. CABINET SIZES 


Manufacturers have two popular 
ways of classifying cabinet styles and 
sizes. One way is by the door design 
which may be a single door, double 
door, or multiple door. In any case, 
the cabinet is usually specified as to 
the content capacity in cubic feet. This 
usually varies from the smallest of 
about 4 cubic feet up to sizes of 15 cu. 
ft. In the very large cabinets, the num- 
ber of doors usually increases with 
the capacity of the unit. 


The size of the cabinet may be 
classified in two ways: In either gross 
cubic feet, or net cubic feet. The gross 
cubic contents are measured by multi- 
plying the three interior dimensions to- 
gether. The net cubic feet (usable cubic 
feet) is this volume less the space oc- 
cupied by the cooling unit. This latter 
volume is usually the one used when 
comparing cabinets. 


9-4. LOCATION OF CONDENSING 
UNIT 


Manufacturers have differed as to 
the location of the condensing unit in 
self-contained cabinets. There seems 
to be definite reasons for the positions 
that the condensing units have occupied 
in the cabinet. Manufacturers placing 
the condensing unit in the bottom of the 
cabinet have claimed that the condens- 
ing unit is more efficient because it is 
in the coolest part of the room. Also, 
that the shelves of the cabinet are more 
convenient being ona higher level and 
within the housewife’s ready reach, 
Manufacturers who have placed the con- 
densing unit at the top of the cabinet 
claim that this arrangement makes the 
cabinet more efficient because the heat 
radiated from the condensing unit does 
not have to travel past the refrigerated 


A 


9-2. Two modern cabinet designs. A. The compressor 

unit at the bottom rear; B. The compressor unit at the 

back of the unit. |. Freezer compartment; 2. Regular 
storage space; 3. Motor-compressor. 
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9-3. A single door domestic refrigerator. Note the 
storage space in the door. This refrigerator has an auto- 
matic defrost. 

(Kelvinator Div., American Motors Corp.) 


portion of the cabinet; therefore less 
heat will be transferred from the con- 
densing unit back into the cabinet. In 
some cabinets the condensing unit and 
the cooling unit, are combined as a 
single unit that is placed on top of the 
cabinet, This makes for considerable 
simplicity in assembly and, perhaps, 
in servicing of the unit, particularly 
if the unit has to be removed from the 
cabinet for service purposes, 

The latest practice is to mount the 
unit in the bottom rear of the cabinet 
or in the back of the refrigerator wall, 
Fig. 9-2. 

From the standpoint of the effi- 
ciency of a refrigeration unit it will 
probably be best to remove the con- 
densing unit from the cabinet entirely 
and either place it in the basement, or 
in some place that is normally cooler 
than the kitchen. One manufacturer 


9-4. A double door domestic refrigerator having full length doors on both the freezer and the normal storage 
compartment. 
(Kelvinator Div., American Motors Corp.) 
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9-5. A one door cabinet design with an across the top 
freezer. 
(Hotpoint Co.) 
placed the condensing unit in the base- 
ment at no extra charge because it was 
realized that extra satisfaction would be 
received by the owner from this type of 
installation. The consensus of opinion 
is that the purchaser of a cabinet is 
usually more interested in the conven- 
ience of the cabinet and the convenient 


9-6. A two door cabinet design. 
(Hotpoint Co.} 


elevation of the shelves, than in the 
very small increase in efficiency that 
may be obtained by any particular loca- 
tion of the condensing unit. Figures 9-3, 
and 9-4, illustrate two popular cabinet 
designs. 

Another across the top cooling coil 
model is shown in Figure 9-5, Thisisa 
11.6 cubic foot cabinet (2.2 inthe freez- 
er and 9.4 in the fresh food space). A 
two door cabinet is shown in Figure 9-6, 
It has a cooling coil for the lowercom- 
partment too. 

A cabinet which has revolving 
shelves is shown in Figure 9-7, The 
door shelves are adjustable. Atwodoor 


9-7. A refrigerator cabinet with revolving shelves. The 


center post permits the shelves to revolve and also en- 
ables the shelves to be adjusted for height. 
(General Electric Co.) 


cabinet with the freezer in the bottom 
compartment is shown in Figure 9-8. 
This cabinet has a foot latch tooperate 
the lower door. 

In some of the absorption type 
machines the refrigerator mechanisms 
are located on the side of the cabinet 
due to the ease with which this 
mechanical arrangement may be con- 
nected with the cooling unit inthe cabi- 
net. In the more or less conventional 
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compressor condensing type, the cool- 
ing unit is either placed in the upper 
left hand corner of the cabinet, or in 
the center of the cabinet. In any event, 
„the cooling unit is usually placed atthe 
top in order to provide for the best re- 
frigeration of the air and consequently 
for the interior of the cabinet and its 
contents. =a 


9-8. A refrigerator cabinet with the freezer located in 
the bottom. Note the foot pedal which is used to open 
the freezer door. 

(General Electric Co.) 
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9-9. Cooling coil arrangement in typical domestic 
cabinets which provide frozen food storage. A. Frozen 
food coil; B. Duct to allow cold air to enter regular 
storage compartment; C. A separate cooling coil for the 
regular storage space; this is a non-frosting coil. 


A modern 
kitchen refrigerator which provides both a frozen food 
compartment, a normal food storage and a large crisper 
(high humidity) at the bottom. 
(Kelvinator Div., American Motors Corp.) 


9-10. A domestic refrigerator cabinet. 


9-5. COOLING COILS 


Many cooling coils are in the form 
of a shelf across the top of the cabinet. 

Those cabinets with frozen food 
compartments have several arrange- 
ments for cooling the regular section 
of the cabinet. The cabinet construc- 
tion is different for each type cooling 
coil. Some models use a wrap around 
freezer coil, which is commonly made 
of aluminum. This freezer is bolted to 
the roof of the inner liner and it has a 
metal or plastic tray shelf mounted be- 
neath. Controllable air ducts along the 
sides and back of this shelf allow cold 
air to settle to the regular portion of 
the cabinet to refrigerate it, Fig. 9-9. 
The other type cabinet construction in- 
sulates the frozen foods space from the 
regular space and a separate coil is 
used to cool this space. The separate 
coil is either a secondary coil or is in 
the regular cycle as an overflow coil 
using a suction pressure valve, or it 
may have a separate condensing unit. 
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9-6. DESIGN FEATURES 


These cabinets have two major 
characteristics: 
a. More ice cube and frozen food 
space is provided 
b. More refrigerated space com- 
pared to the same external di- 
mensions of the cabinet 
The growing popularity of frozen 
foods has caused refrigerator manu- 
facturers to redesign the interiors of 
their cabinets to enlarge the cooling 
coils to make more space available for 
frozen food storage. Some are using as 


9-11. A revolving refrigerator shelf. The center column 
supports the shelf and also provides for different shelf 
heights. 

(General Electric Co.) 


much as 20 per cent of the internal vol- 
ume for this type of service. To ac- 
commodate high container storage and 
to use the interior volume more effi- 
ciently, most of the cooling coils are 
now mounted in the middle top of the 
interior, Several companies are using 
a flat cooling unit (shelf effect) to pro- 
vide this extra service. See Fig. 9-10. 


9-7. SHELVING 


Present day shelving is made from 
Stamped steel oraluminum. The shelves 
are either mounted on small non-cor- 
roding wheels (nylon) or are semi- 


circular in shape to permit revolving, 
Fig. 9-11. 

The roll out shelves must be de- 
signed to move easily even though 
loaded and they must also be made to 
prevent tipping as they are moved out 
of the refrigerator, Fig. 9-12. 


Shelf with rollers 

Stop pin 

Stationary roller assembly 
Screw 

Stiffener-tapping plate 
Shelf roller channel 

Liner 
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9-12. A refrigerator roll-out shelf assembly. 
(Franklin Mfg. Co.) 


Most refrigerators also have trays 
or bins for the storage of meats (near 
the coil) and for fruits and vegetables. 
These trays or bins usually have glass 
plate covers, Providing shelves in the 
door was originated by the Crosley 
Shelvador in the ’30s. Many cabinets 
now have recessed doors with devices 
built in to hold beverages, eggs, cheese, 
butter, etc. 


9-8. REFRIGERATOR CABINET 
CONSTRUCTION 


The inner shell of the refrigerator 
is usually made of one piece of sheet 
steel. It is formed in a large press. 
Most outer shells are made of several 
pieces of steel spot welded or seam 
welded into one rigid shell. The outer 
shell has a frame welded toits interior. 
The shell is painted with a durable 
white paint oris porcelain finished, The 
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inner shellis also fabricated from sheet 
steel, It is usually finished with porce- 
lain. The inner shell has provisions for 
mounting the cooling coils and shelf 


brackets. 
os 


9-9. INSULATION .° . 
3 a 
The common use of the ice-box has 


_ shown the advantages ofa well-insulat- 


ed cabinet. In the development of the 
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9-13. Three different refrigerator wall constructions. 
A. Older type; B. Modern ice box; C. the usual electric 
refrigerator box insulation. |. Inner lining usually steel 
with porcelain finish; 2. Cardboard backing or a coating 
of odorless asphaltum; 3. Dead air space; 4. Hair felt or 
equal; 5. Exterior of steel usually lacquered; 6. Cork or 
hair felt; 7. Slab insulation wrapped in water-proof 
paper; 8. Veneer or paper backing. 


ice-box various insulating materials 
were used, naturally some were found 
to be better than others, In the electric 
refrigerator, because the cost of re- 
frigeration is largely the cost of pump- 
ing out heat that leaks into the box, the 
matter of insulation becomes a very 
important one. Tests have shown that 
the greatest heat load isthe heat trans- 
fer to the refrigerator through the in- 
sulation. As discussed in Paragraph 
1-39, there are three ways in which 
heat may be conveyed from one point 
to another. Care must be taken in the 
design of the refrigerator cabinet that 
heat is not transferred into the cabinet 
by any of these three methods. Heat is 
kept from leaking through the cabinet 


by lining it with some heat insulating 
substance such as cork, corrugated 
paper, glass wool, fiber glass, wood 
fibre, aluminum foil, or other insulat- 
ing material. Cabinets are constructed 
with metal or wood frames and have 
solid steel inner and outer shells. In- 
sulation is inserted between the two 
surfaces in slab or package form, Fig. 
9-13. The greatest insulation problem 
is moisture, Many insulations are made 
with equal insulating powers whennew, 
but as they age, they may become 
moisture-laden and lose much of their 
insulating ability. To prevent this, all 
the insulations are sealed water-tight 
before and after putting them in the 
cabinet. The problem is to prevent air 
from coming in contact with the cold 
insulation or inner surface and causing 
condensation there. If this moisture 


9-14. A cabinet with the inner shell and the door liner 
removed. Note how the insulation forms into the space. 


(Hotpoint Co.) 


does collect, it will eventually ruin the 
cabinet. Manufacturers seal the insula- 
tion with hydrolene (a petroleum by- 
product) which is anodorless tar. After 
the insulation is in place, all the 
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crevices are filled with this material. 
The insulation thickness varies from 
two to four inches with three inches be- 
ing a good value. Modern insulations 
are made to fit the space accurately 
and are non-odorous. See Fig. 9-14. 

A comparatively new development 
in insulation consists of successive 
thin metal sheets placed å to 3/4 in. 
apart. Metals to be used for this pur- 
pose must not corrode readily, must 
have structural strength, and must re- 
flect heat well. Steel, zinc, lead, cop- 
per, tin, aluminum, as well as a num- 
ber of alloys, fill these requirements 
if processed correctly, Steel and alum- 
inum are the metals most commonly 
used. 

The exceptional degree of reflectiv- 
ity of heat possessed by metal surfaces 
reduces the radiation through the alter- 
nate layers of air and metal, and the 
narrow air spaces decrease convec- 
tion and conduction. 

This type of insulation may be used 
in any kind of service at almost any 
temperature: In refrigerators at low 


9-15. A typical refrigerator door construction. A. Cab- 
inet wall; B. Door: C. Plastic breaker strip; D. Rubber 
gasket; E. Suction line and capillary tube. 


temperatures, in residences at ordin- 
Gy temperatures, and in manufactur- 
ing processes at high temperatures. It 
is claimed that less wal] thickness is 
required for an equal insulating value 
of metal insulation than with the usual 
materials used for these Purposes, See 
Chapter 21 for tables giving the insula- 
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9-16. A modern refrigerator door hinge. 
(Crosley Div., Avco Mfg. Corp.) 


tion value of materials commonly used 
in refrigeration, 

To prevent heat transfer by con- 
vection, such as would occur if air is 
allowed to circulate in and out of the 
cabinet, the door joints and other open- 
ings to the box are carefully sealed 
with rubber seals, such as door seals, 
or with sponge rubber in places where 
tubing and other lines are led into the 
cabinet. Radiation of heat into the box 
is lessened to some extent by coating 
the outside, and the inside lining of the 
cabinet with materials that do not 
readily absorb or radiate heat. The 
porcelain surface seems to be quite 
satisfactory from both of these stand- 
points. White enamel lacquer also is 
satisfactory. 


9-10. DOORS 


The refrigerator door at one time 
was a composite structure of wood and 
insulation with exposed hardware, Lat- 
er models used a metal interior to the 
door, Felt gaskets were used to seal 
door joints. 
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| The all-metal door was the next de- 
` velopment. It was used with plastic 
_ strips mounted between the porcelain 
| finished interior surface and the other 
part of the door. The door was built to 
recess into the opening., 

Refrigerator doors are. now built to 

- cover almost the entire front of the re- 
frigerator, See Fig. 9-155“ 

The inner liner of the dooris usual- 
ly recessed to provide for space for 
small shelves. Small vent holes are 
provided in the door to release en- 
trapped moisture to keep the inner 
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A dismantled cabinet hinge showing the various 


parts. 
(Franklin Mfg. Co.) 


liner from sweating. Some doors have 
built-in butter cavities. As most of 
these use a small heating element an 
electric cord must be run from the 
cabinet to the door on the hinge side, 

Some cabinets use a plastic as the 
inner liner of the door. 


9-11. HARDWARE 


Hardware includes the door latch 
and hinges. The early latches and 


hinges were made of brass and were 
fastened to the cabinet and doors with 
brass wood screws. In the 30’s mostof 
the hinges were made of die cast zinc 
alloys and used steel pins. However the 
castings wore rapidly and soon caused 
doors to fit poorly. 

The modern hinge is fastened to 
steel plates that are welded to the 
shell by using machine screws. Sealed 
ball bearings are mounted into the 
hinge to promote easy door operation. 
Because -modern doors are larger and 
because most of them have built-in 
shelves the strength and durability of 
the hinges is important. 


9-12. HINGES 


Present day hinges are usually made 
of steel or extruded aluminum, corro- 
sion proofed to prevent rusting. That 
part of the hinge which is bolted to the 
cabinet and door is hidden under break- 
er strips. The exposed parts of the 
hinge are shaped and finished to blend 
in with the general design of the cabi- 
net, Fig. 9-16. 

That part of the hinge fastened tothe 
cabinet is called the hinge, that part 
fastened to the door is called the hinge 
butt. The joining piece is called the pin, 
The hinge is usually adjustable on the 
cabinet. Shims are used under both the 
hinge and the hinge butt to adjust the 
distance between the door and the 
frame. Fig. 9-17. 

The hinges are usually concealed 
after installation by using covers, Fig. 
9-18, 


9-13. LATCHES 


The original door latch was a lever 
that fitted into a tapered slot in the 
cabinet fitting. The wedge action ob- 
tained forced the door tightly against 
the cabinet. To operate these latches 
required considerable effort. 
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Latches were then constructed with 
a spring operated latch bolt that main- 
tained a constant tension on a roller 
equipped bar and the spring pressure 
against a tapered cabinet fitting held 
the door tightly closed. 

The latch consists of the handle 
and latch while that part that is fasten- 
ed to the cabinet is called the strike. 

One company eliminated the latch 
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LOCKING PLATE 
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9-18. A cabinet hinge with the covers removed. 
(Hotpoint Co.) 


by inserting a large number of small 
permanent magnets in the door gasket. 
These magnets hold the door tightly to 
the door frame. 

The strike is usually adjustable in 
two directions. 

The handle is removed by removing 
the latch cover on the door liner or by 
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9-19. A refrigerator door latch mechanism. 
(Crosley Div., Avco Mfg. Corp.) 
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9-20. Exploded views of a door latch and a door strike. 
(Franklin Mfg. Co.) 


9-21. A foot pedal latch mechanism. 
(General Electric Co.) 


removing the complete liner. 

Fig. 9-19 illustrates a door latch 
with a horizontal handle. A vertical 
handle door latch is also in common 
use, Fig. 9-20 shows an exploded view 
of one of these latches and the strike 
that it connects to on the doorframe. A 
foot operated door latch is shown in 
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Wig. 9-21. This mechanism eliminates 
stooping and enables one to open the 
door even though both hands are full. 

One company has a refrigerator 
which has a cabinet door that opens 
“from either side, See, Fig. 9-22. If the 
handle is moved to the right, the right 
side of the door opens. If the handle 
is moved to the left, the left side of 
the door opens. This operation is made 


9-22. A refrigerator cabinet equipped with a door that 
can be opened from either side. An articulated latch 
and hinge mechanism is used. 


[Philco Corp.) 


possible by using a double set of 
hinges with the hinge pins removed by 
the latch mechanism on one side to 
allow that part to become the latch and 
strike while the other edge of the door 
has a similar mechanism but the hinge 
pins stay in place and act as a hinge. 
Fig. 9-23 shows the interior of the door 
with the double latch mechanism. 


9-14. HARDWARE REPAIRS 


Hardware must be repaired when 
replacement parts are not obtainable. 

An emergency repair for hinges 
that have worn and caused the door to 
sag is to dismantle the hinge and after 
cleaning and filing the worn surfaces 
flat, insert washers to replace the 


9-23. A cabinet door with the liner removed to show 
the articulated mechanism that enables the door to be 
opened from either side. 

(Philco Corp.) 


wear, Fig. 9-24. The hinge pin holes 
may also wear elliptically. This wear 
can be repaired by either drilling the 
holes larger and inserting larger pins 
or inserting steel sleeves. 

Broken die cast parts can be suc- 
cessfully repaired by gas welding if 
Special die cast filler rods are used. A 
sand or asbestos paste mold should be 
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9-24. Repairing a worn refrigerator cabinet hinge. A. 
Worn surfaces; B. Sag; C. Inserted Washers. 
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made to hold and align the parts during 
the welding operation. A successful 
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9-25. Door seal gasket details. 
(Crosley Div. of Avco Mfg. Corp.] 


weld can only be made if the plating is 
removed around the welded portion. The. 
parts can be replated after finishing. 

Replacement springs can be made by 
heating spring wire toalowcherry red, 
cooling very slowly (in sand or asbes- 
tos) shaping the spring, heating the 
spring to a dull cherry red, quenching 
(dipping) in cold water, then carefully 
and evenly heating it to a purple (blue) 
color, quenching it again. A little ex- 
perimenting may be necessary withthe 
temperatures to which the metal is 
heated, as spring wires vary in their 
carbon content and properties. 


9-15. GASKETS 


It is necessary to have an air-tight 
joint between the door and the cabinet. 
A flexible shim must be used to com- 
pensate for any slight out of line parts. 
Cross sections of modern refrigerator 
door gaskets are shown in Fig. 9-25. 

Originally strips of felt were used, 
but rubber tubing with attaching astrip 
has been popular for years. Some of the 
rubber tubes were made with a rubber 
foam fill to provide more resiliency. 
However, natural rubber will wear 
quickly in the presence of oil and fats 
and these gaskets have to be replaced 
frequently. Coating the rubber with a 


synthetic rubber gave the gaskets a 
much greater life. Some of the gaskets 
are made of flexible plastic that does 
not deteriorate when coated with oil or 
fats. 

Gaskets were originally tacked to 
the door frame, but they are now de- 
signed to clamp into the door in the 
space between the inner and outer 
shell, Fig. 9-26, 

To replace gaskets, it is usually 
necessary to remove the door fromthe 
cabinet and then remove the breaker 
strip from the door, or in some cases 
remove the inner liner. Cloth or felt 
pads should be used to hold the door to 
prevent chipping and/or scratching. 

Replacement gaskets are usually 
available. A gasket similar to the worn 
one may be obtained or one may use a 
replacement gasket. The replacement 
gaskets may either clamp in place 
similar to the original, or they may be 
fastened by using adhesive. See Fig. 
9-27. Because the gasket bead is the 
part that wears first, it only is removed 
and the new gasket bead is installed 
using an adhesive. The lip of the re- 
placement gasket fits over the original 
gasket that remains on the door. 


OUTER CABINET SHELL 


TRIM FRAME 


9-26. A door gasket installation. Note the air pocket 
which acts as a pneumatic cushion. 
(Crosley Div. of Avco Mfg. Corp.) 
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9-27. A replacement gasket that is fastened with an 
adhesive. The bead only of the old gasket is removed, 
adhesive is applied and the replacement is installed 


with the lip placed over the old gasket. 
(Jarrow Products Inc.) 


Gasket joints must be leak proof. 
The door must be carefully adjusted to 
permit easy operation and still pro~- 
vide a tight joint. Fig. 9-28 shows cor- 
rect gasket adjustment to provide a 
good joint. To obtain this fit, the hinges 
should be adjusted first. The shims 


GASKET GASKET COMPRESSED 
BEFORE AN AODITIONAL 
aS 1/32’TO 3/32” 


\ DOOR DOOR 


REFRIGERATOR REFRIGERATOR 


9-28. The correct amount a typical gasket should be 
compressed to provide a leak proof joint between the 


door and the cabinet. 
(Philco Corp.) 


should be arranged until the hinge edge 
gasket contacts the cabinet when the 
door is in approximately the position 
shown in Fig. 9-29. The gasket should 
touch the cabinet evenly the full length 


of the door. 


REFRIGERATOR CABINETS 


om 3 INCHES 


9-29. The position the door should be in when the gasket 
touches the cabinet evenly for its full length on the 
hinge edge. 

(Philco Corp.) 


If the latch side of the door does 
not contact the cabinet evenly, it usu- 
ally means that the door is warped. 
This mis-alignment can usually be 
remedied by loosening the door liner 
screws, straightening the door, and 
then tightening the screws, Fig. 9-30, 

One method of testing a door gasket 
fit is to use a strip of paper. Place 
this paper at the door frame, close the 
door and if the paper resists being 


LOOSEN DOOR LINER SCREW 
ANO ADJUST 


9-30. When the latch side of the door does not contact 
the cabinet evenly, the door can be adjusted by means 
of the door liner screws. 


(Philco Corp.) 
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pulled out the gasket is tight. However 
because this paper is about .005inches 
thick, a better way to test for leaks is 
to place a light bulb (75 or 100 watts) 
on the front center shelf. The light 
cord should be as small as possible. 
With this light one can detect openings 
in the door joint as small as .001 
inches. See Paragraph 10-16, page 256. 


Screw-On Locking 
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9-16. ASSEMBLY DEVICES 


The original wood cabinets were 
assembled by means of gluing and the 
use of brass wood screws, 

The modern metal cabinet uses a 
great variety of assembly devices. 
Where great strength is needed andfor 
parts which need not be removed, spot 
welding is used. Forexample, the plates 
to which the hinge and hinge butt are 
attached by welding. The frame of the 
cabinet that supports the motor-com- 
pressor is usually welded in place. 

The hinge parts and the latch parts 
are usually held in place by counter 
sunk machine screws. Some of these 
screws use lock washers to help make 
a permanent adjustment. 

Small parts may be held in place 
with sheet metal screws. In tightening 
sheet metal screws care must be taken 
as a slight excess in tightening torque 


CONDITIONER BASE 


THERMOSTAT 


9-32. D 
etails of a butter conditioner. The space is heated with a small resistor which is controlled by a thermostat. 
(Hotpoint Co.) 
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9-33. A wiring diagram showing the electrical connections for air freshening lamp. 
(Norge Sales Corp.) 


will strip the threads in the sheet 
metal. The screws are made of hard- 
ened metal. 

Many cabinets use quick fasteners. 
These devices are in great variety. 
They are usually made of spring steel 
and use hard sharp edges to hold them 
in place. 

The assembly devices that hold the 
shelf brackets are usually of a spring 
loaded type that can be inserted from 
the inside of the liner and are self 
clamping and locking. See Fig. 9-31. 


9-17. ACCESSORIES 


Many devices have been created to 
make the refrigerator more useful. 
Some of these accessories are: 
Cabinet Light 
Butter Conditioner 
Crispers 
Wire baskets 
Beverage holders including built- 
in units. 

. Egg nests 
. Storage bins 


on kf Ww NM Pe 
Cis arian ot meer aes 


| 


8. Deodorizers 

9. Thermometers 

The cabinet light is usually a 25- 
watt bulb mounted in the rear of the 
cabinet. It is a 110 volt light, con- 
trolled by a spring activated switch 
that can only close the circuit when 
the cabinet door is open, This switch 
is usually located near the bottom rear 
hinge of the door. The wiring is in the 
same harness as the thermostat wires 
and the wires connect into the main 
circuit at the junction box (usually the 
relay). 

The butter conditioner is a small 
cavity built into the cabinet liner or the 
door liner. It usually has a very small 
heating element that maintains the but- 
ter at aplastic temperature (about 50 F. 
to 60 F.) The wiring to this conditioner 
connects into the main circuit at the 
relay and it is parallel with the thermo- 
stat, Fig. 9-32. It only operates when 
the unit is running. 

Crispers, or covered containers in 
the refrigerator are used for storing 
vegetables, fruits, and meats. They 
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prevent drying of the food from the de- 
humidifying action of the cooling coil. 
Newer designs use glass shelves as the 
cover for the containers and the con- 
tainers slide out on racks. Some models 
use built in doors (metal) to seal in 
this space. 

For convenience of storing, some 
refrigerators have wire baskets to hold 
certain foods for ease of handling. Some 
of these baskets are suspended under 
the shelves to save space. 

Originally special glass containers 
or plastic containers were used to hold 
water or fruit juices. This practice is 
still being followed but some units have 
built in beverage containers. These 
plastic containers are built into the 
door. An outside beverage tap may be 
provided. The cooled beverage can be 
obtained without opening the cabinet 
door. 

There is an increase of specially 
built shelves and baskets shaped to 
efficiently hold standard shaped ar- 
ticles such as bottles, eggs, oranges, 
etc. The orderly arrangement insures 
more storage space and convenience. 

If there is any non-refrigerated 
space in the cabinet (front lower sec- 
tion) a storage bin is frequently pro- 
vided. These bins are usually used for 
such items as potatoes, onions and 
other warm temperature storage. 

Deodorizers are volatile chemicals 
(solids) that seem to remove refrigera- 
tor odors. However the process is 
mainly an odor neutralizer. Charcoal 
filters seem to be the most effective 
means of removing odors. 

A small thermometer mounted ei- 
ther with a hook or by using a small 
magnet will indicate temperatures in 
any desired part of the refrigerator. 
9-18. ICE CUBE TRAYS 

Practically all refrigerators pro- 
vide facilities for making ice. The ice 
is usually made by filling shallow trays 


with tap water. The trays have grids 
(about 1} in, squares) that shape the 
ice into easily handled cubes. 

The trays were originally made of 
copper, tin coated. Aluminum trays 
have been used since the 30’s. Rubber, 
stainless steel and plastic trays have 
also been used. 


9-34. The air circulation flow over the condenser of a 
refrigerating unit mounted on the back of the cabinet. 
These air passages must be kept clean. 
(Kelvinator Div., American Motors Corp.) 


The use of ice cube trays presents 
two problems. First the trays become 
frozen to the shelf and are occasionally 
difficult to remove. A heated flat knife 
will usually loosen the tray. Some com- 
panies have built in levers that permit 
pressure to be brought against the tray 
to loosen it. A sharp tool may cause a 
puncture of the refrigerant liner and 
should never be used. Second, the ice 
cubes are difficult to remove from the 
tray. The tray may be heated by run- 
ning either cold or hot water over it 
until the heat travels through the tray 
and grid and loosens the cubes. The 
use of rubber trays, plastic trays, and 
flexible trays permits the cubes to be 
removed without difficulty. One com- 
pany uses a strongly built grid witha 
lever that easily frees the grid from 
the tray and frees the cubes at the 
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same time. Some trays have a wax 
finish which makes it easier to remove 
the ice cubes. 

One company has produced anauto- 
matic ice cube maker that fills itself, 
freezes the cubes, frees the cubes 
automatically, andthendumps-the cubes 
into a basket. The operation continues 
until the basket is full. See Chapter 18 
for an explanation of commercial auto- 
matic ice cube makers. 

The ice formed in ice cube trays is 
usually foggy, translucent ice. The fog- 
gy appearance is due to the release of 
air from the water as it freezes. 
Clearer ice may be produced by first 
boiling the water, and then allowing it 
to cool to room temperature before 
putting it into the cooling trays. 


9-19. ULTRA VIOLET LAMPS 


To minimize bacteria growth andto 
prevent transfer of bacteria (odors and 
mold) from one food to another in a 
refrigerator cabinet, some companies 
have installed ultra-violet lamps inthe 
refrigerated compartments. Such lamps 
are made by most of the electric lamp 
companies. They burn continuously 
while the refrigerator is electrically 
connected. 


9-20. FINISHES 


The exposed parts of the cabinet 
must be carefully conditioned and fin- 
ished for appearance and durability. 
Since the use of metal in the cabinets, 
most of the cabinets have used a porce- 
lain interior (inside of the liner) anda 
lacquer or enamel paint on the outside 
of the cabinet and door. 

Because porcelain is a relatively 
expensive finish only the more de luxe 
cabinets are finished with it as an ex- 
terior finish. Some baked enamels to- 
day are virtually as durable and sani- 
tary as porcelain and because they are 
chip and crack resistant, they are being 


used on many refrigerators. 

Some of the earlier white enamel 
finishes had a tendency to discolor 
(turn yellow) after several years of 
service but present day finishes are 
virtually immune to this fault. 

9-21. LACQUERS AND ENAMELS 

The metal to be finished must be 
carefully prepared before being painted. 
All dirt, grease, alkalies, dust, etc. 
must be removed from the metal. Rust 
spots must be removed, The tempera- 
ture and humidity in the paint room 
must be carefully controlled according 
to the paint manufacturers’ recom- 
mendations. 

The paint is sprayed on the metal 
and the units are then baked in special 
drying ovens or bins. The drying de- 
vices are usually heat lamps. 


9-22. PORCELAIN 


The porcelain process is a method 
of coating the metal witha white opaque 
glass. The process consists of first 
thoroughly cleaning the metal and then 
fusing black opaque glass to this metal 
at a high temperature. This black finish 
is porcelain with an iron content that 
has a coefficient of expansion, the same 
as that of the metal and of the white 
porcelain. The white porcelain is then 
bonded to this black porcelain at ahigh 
temperature and a smooth-glassy fin- 
ish is obtained. The porcelain has one 
disadvantage of being brittle and it can 
be chipped easily. Furthermore, it is 
extremely difficult to repair. 


9-23. ELECTRICAL CONNECTIONS 


Practically all refrigerators are 
electrically connected to the house 
electrical system by a flexible elec- 
trical extension cord equipped with a 
two-prong plug. This plug is inserted 
in an outlet and the power supply is 
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complete. To insure extra safety a 
separate ground wire can be installed 
between the refrigerator steel frame 
and a conduit or a water pipe. It is 
important that the extension cord be put 
in such place that it cannot be kinked 
sharply or pinched. In all electrical 
refrigeration hook-ups it is of the ut- 
most importance that the refrigerator 
motor have the same characteristics 
as the power line. The frequencies 
must be the same, that is, 60 cycle, 
25 cycle, etc. The voltage must be the 
same, 110, 220, 32-volt. The phase 
must be the same, single phase, three 
phase, etc. Single phase motors are 
used almost exclusively for domestic 
refrigerators. Sufficient current must 
be available for motor consumption 
and the voltage must be up to the volt- 
age required by the motor. Tocheck up 
on these values an A.C, ammeter and 
voltmeter may be used. The voltage 
at the outlet should be checked withthe 
unit running and off. A voltage drop of 
over 15 volts will necessitate elec- 
trical service corrections. In most 
cases it may be advisable to installa 
new circuit for the refrigerator rather 
than use the supply already available 
in the kitchen which in many instances 
is already overloaded. 


9-24. LOCATION OF THE 
REFRIGERATOR 


The location of the refrigerator is 
mainly determined by the convenience 
of the cabinet to the other devices in 
the kitchen. However, some thought 
should be given tothe following factors: 

1, The refrigerator should not be 

exposed to sunlight because the 
Sun’s rays will add to the cost of 
Operation and may discolor the 
exterior finish of the refrigera- 
tor. 

2. The refrigerator must be close 

to an electrical outlet as over- 
loaded or lengthy electrical lines 


reduce the line voltage to danger- 
ous levels. 

3. It must be located to provide 
good air circulation through the 
condenser. Figure 9-34. 


9-25. CARE OF THE 
REFRIGERATOR 


In the operation of any domestic 
refrigerator, the owner should be in- 
structed not to allow the door to re- 
main open. Due to the great difference 
in temperature between the inside of 
the cabinet and the room temperature, 
convection currents will be set up as 
soon as the door is opened. This will 
bring a great deal of heat intothe cabi- 


net; therefore, the door should be open ` 


only when removing articles from, or 
placing articles in the cabinet. 

The cabinet must be kept clean out- 
side as well as inside. The hinges and 
latch should be lubricated periodically. 
The condenser and motor-compressor 
should be wiped clean at least every 
six months. The door gasket should be 
checked for tightness periodically. 


9-26. DEFROSTING THE 
REFRIGERATOR 


Another point in the operation of a 
refrigerator that is often neglected is 
the matter of defrosting the cooling 
unit. The housewife particularly fails 
to appreciate the fact that if the cooling 
unit is covered with frost and ice it 
cannot remove heat efficiently. She may 
even feel that the frost and ice on the 


unit indicate that it is operating better 


than it would if this accumulation were 
not there. This, however, is not the 
case, The frost and ice act to some 
extent as an insulator, keeping the air 
from flowing into the cooling unit and 
resulting in a higher box temperature; 
consequently more running or opera- 
tion of the condensing unit is required 


in order to maintain the proper cabinet | 


temperature. In general, the unit should 
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be defrosted once a week. Defrosting 
more often may be necessary if un- 
covered liquids or other moist foods 
are placed in the cabinet in large 
quantities. 


“Manufacturers formerly placed a 
defrosting switch in or near the con- 
trol panel which madesit easy for the 
housewife to defrost thè refrigerator 
at regular intervals. A tray or pan of 
some kind was placed below the cooling 
unit before the unit was defrosted; 
otherwise water formed in defrosting 
the unit would drip on articles below 
and on the bottom of the cabinet. 

Many present day refrigerators 
have automatic defrost devices. These 
devices are clock operated to turn on 
each day at a certain time (lor2 A.M.) 
Some are actuated by mechanical de- 
vices such as a ratchet controlled by 
opening of the door. These controls 
either turn on electrical heating ele- 
ments to melt the frost or open a 
solenoid valve to send hot gas through 
the cooling coil until the frost is melt- 
ed. See Chapters 6 and 16 for more 
_complete information concerning auto- 
matic defrosting systems, Another rea- 
son a coil should be defrosted is that 
this collection of frost on the cooling 
unit is usually odor-laden and willper- 
meate the food with unpleasant odor. It 
is essential that the frost be removed 
if it accumulates to a thickness of 1/8 
inch; and regardless of the thickness of 
the frost, the unit should be defrosted 
and the moisture removed at least 
/ once each week. 

In those refrigerators whichare not 
equipped with a defrosting switch or in 
some gas-fired refrigerators, a very 
| convenient method of removing all frost 
from the cooling unit is to fill the ice 
trays with very hot water and to repeat 
this until the frost has melted off the 
surface of the cooling unit. 

Needless to say, a drip pan or a 
frost pan should be placed underneath 
the cooling unit during the defrosting 


process, or the cabinet will become 
flooded with water that drips from the 
unit. This tray is usually made of glass. 
It is advisable to remove the tray from 
the box except during period of defrost- 
ing because the tray hinders the circu- 
lation of cold air. 

Some refrigerators that use auto- 
matic defrost devices have adraintube 
that carries the moisture to a water 
pan located near the compressor- 
motor. 

The cool defrost water will cool the 
compressor and in doing so will evap- 
orate into the room. 


9-27. CLEANING REFRIGERATORS 


Refrigerator cabinets are finished 
with either a porcelain or a special 
enamel coating. The procedure to fol- 
low in the refrigerator finish depends 
upon which of these materials has been 
used, If the finish is porcelain, one 
must be very careful of it because of 
the brittleness of the glass-like finish. 

To clean porcelain the same sub- 
stances may be used as for cleaning 
glass, such as borax or any good com- 
pound which will not scratch the sur- 
face. It is imperative that for cleaning 
the inside of the cabinet a cleaner be 
used which has no odor. After clean- 
ing, a thorough rinsing is necessary. 
Occasionally the interior of the cabinet 
becomes stained with an iron stain on 
the porcelain due to cracks appearing 
in the porcelain or at the joints. This 
stain can usually be removed by thor- 
ough cleansing, If this is not practical 
it may be covered over by using lacquer 
of the proper color. 

One of the best solutions for clean- 
ing the interior of a cabinet is baking 
soda dissolved in warm water. This 
solution cleans, deodorizes, and leaves 
no harmful residue. Harsh abrasive 
cleaning agents should be avoided as 
they may permanently injure the finish. 
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9-28. PATCHING PORCELAIN 


When filling in cracks or chipped 
parts of a porcelain finish, a special 
porcelain patching material should be 
used, Because of the inherent nature 
of porcelain, its color shade will vary 
somewhat. A patching kit may be ob- 
tained with several colors. If neces- 
sary, blue ink may be added to the 
patching material to obtain the right 
shade. In doing this work it is first 
necessary to clean the surface to be 
patched quite thoroughly, warm the area 
of the patch, then apply the patching 
material with a small, fine hairbrush 
or air brush, being sure that the ma- 
terial is not too thin. After the material 
has dried, it should be smoothed down 
with water proof abrasive paper and 
then polished with a soft cloth, or by 
using rottenstone (available from paint 
stores) and rubbing oil. 


9-29. REPAIRING ENAMEL 
FINISHES 


Enamel finished cabinets may be 
repaired by using high grade enamel. 
Examine the damaged area carefully. 
All wax and rust must be removed, 
down to bare metal. Sand edges of the 
damaged area with fine waterproof 
paper (6/0) so the old finish slopes to- 
ward the center. This is called '’feath- 
er-edging’’ and is done to allow the 
primer and finish coat to blend smooth- 
ly with the old finish. Soapy water may 
be used as a sanding lubricant. The 
surface must be absolutely dry before 
applying primer. 

Next, apply metal primer to exposed 
bare metal with a brush or spray gun. 
The primer provides a hard surface for 
good adhesion of the finish coat. Allow 
the primer to dry thoroughly. Whenthe 
primer is dry, sand lightly using 6/0 
waterproof paper and soapy water as a 
Sanding lubricant. Lightly scuff sur- 
faces around damaged area to com- 


pletely dull the old finish and blend with 
the primer coat. 

Spray or brush onthe enamel, blend- 
ing new coat as smooth as possible to 
the old finish. Allow enamel to dry 
thoroughly, then sand (wet) with 6/0 
paper until all edges are invisible. For 
a high-gloss finish rub entire surface 
including patched area with rottenstone 
and paraffin oil or rubbing oil. When 
desired gloss has been reached, wipe 
off rottenstone and oil by using moist- 
ened cloth or chamois. Paint spraying 
must be done in a fireproof, well ven- 
tilated booth. 


9-30. CLEANING LACQUER 
FINISHES 

When cleaning lacquer surfaces, 
great care must be taken to insure that 
the cleaning materials do not harm the 
surface. Gritty cleaning materials 
should not be used as they will scratch 
the surface. Rubbing, if necessary at 
all, should be kept to a minimum. To 
clean lacquer finished cabinets, solu- 
tions and materials are now on the 


market which have the property of © 


cleaning and polishing the surface si- 
multaneously. These should be applied 
according to the manufacturer’s direc- 
tions, It is recommended that the cabi- 
net be cleaned frequently to eliminate 
any odor transfers from one food to 
another and from the cabinet to the 
food. 


9-31. CLEANING ICE TRAYS 

In certain localities where the water 
contains minerals and salts that have 
the property of discoloring aluminum 
or copper ice trays inthe refrigerator, 
it is usually found that ordinary clean- 
ing powder and soaps do not have any 
effect on the stain. This stain may be 


removed quite easily by the following ` 


process: Dip the trays in ahot solution 
of water and lye, then rinse the trays 
in pure running water. Occasionally if 
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this does not remove all the stain a 
small brush will facilitate the work. 
After rinsing the lye solution off the 
trays in the running water, it is neces- 


sary to dip the trays in a vinegar solu- 
“tion, which will neutralize the lye and 


prevent any furthér chemical action on 
the metal. Another ginsing and the 
trays are ready to be used-again. The 
trays should be immersed in the lye 
and vinegar solutions for approximately 
ten minutes at a time. Never leave 
them any longer. Use a double immer- 
sion, if necessary, because ifleftintoo 
long it is likely to remove the finish 
from the metal and spoil the appear- 
ance of the trays. Ordinarily use only 
a mild solution of soap and water to 
clean the trays. Then rinse with clear 


' water. 


9-32. INSTALLING A 


REFRIGERATOR 


The sale of a domestic refrigerator 
to the customer should not end the 
dealer’s responsibility. It is equally 


important that the installation should 
= be carefully, accurately, andconscien- 


tiously made in order to keep the cus- 
tomer convinced that he has made a wise 
purchase. 

The economy and length of service 
rendered by the refrigerator is greatly 
dependent on the proper position of the 
cabinet. It is of utmost importance that 
the cabinet be placed in the coolest 
convenient place where there is no 
chance of its being too much in the 
sun’s rays. Another precaution of para- 
mount importance is the ventilation. 

Hermetic units do not require any 
special precautions because they are 
hermetically sealed mechanisms and 
require only acorrect electrical con- 
nection and proper ventilation whenin- 
stalling them. They should be carefully 
leveled because of the trays, the water 
level in the ice cube trays and ease of 
door opening and closing. Usually the 


two front legs of the refrigerator are 
adjustable (screw type) to aid the level- 
tng, of the cabinet. 


INSTALLING AN 
ABSORPTION REFRIGERATOR 


9-33. 


The absorption types of refrigera- 
tors are involved in a different com- 
plication in reference to installing, but 
this is offset by the simplicity of the 
installation as a whole. A lead must be 
made from the gas line which will 
probably require the sanctioning of the 
gas company. Some city codes specify 
that the fuse plug opening in the re- 
frigerant system must be vented to the 
outside to prevent any chance of dis- 
charging the refrigerant intothe house. 
The absorption unit must be carefully 
leveled to operate correctly. Apart 
from these things nothing further need 
be done except following the general 
directions in the final part of this 
chapter. 


9-34. GENERAL INSTRUCTIONS 
TO THE HOUSEWIFE 


Before leaving the refrigerator in 
the hands of the housewife it is very 
important that she understands the uses 
and abuses of the mechanism. Instruct 
her very carefully about: 

1. Keeping the doors closed tightly. 

2. Leaving all liquids coveredinthe 
cabinet. 

3. Cool foods before putting themin 
the cabinet. 

4. The correct position of different 
foods in the box. 

5. Leaving the doors open a mini- 
mum of time, 

6. Methods of defrosting. Do not use 
an implement for removing the 
frost. 

7. The correct use of the tempera- 
ture control, 

8. The proper way to cleanse the 
interior and exterior of the box 
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and the ice trays. 

9, The precaution not to crowd the 
shelves with articles which will 
obstruct circulation. 

If possible, leave these instructions 
in written form and attached to the re- 
frigerator. Impress upon the owner that 
economy of operation and long life are 
dependent on the proper use ofthe unit. 
Leave name, address, and telephone 
number in a convenient place to allow 
a service call to be made with a mini- 
mum of trouble to the housewife. 

Some people in the temperate zones 
feel inclined to shut offtheir refrigera- 
tors in winter to economize. This should 
not be done if it is at all possible to 
keep the unit running, The unit has been 
well balanced and has settled to its 


9-36. REVIEW QUESTIONS 


1, Why are refrigerator cabinets 
insulated? 

2. What is the average thickness of 
the insulation? 

3. Why should the 
moisture proof? 

4, What is meant by net contents 
of the cabinet? 

5. What are the possible locations 
of the condensing unit? 

6. Why are ice tray releasing me- 
chanisms necessary? 

1. Why must a cooling coil be de- 
frosted? 

8. How thick may the frost become 
before it should be removed? 

9. What is a good porcelain clean- 
er? 


insulation be 


10, How may one cleandiscolored ice 
cube trays? 

11. Name three substances used for 
insulation? 

12. How are cabinet doors made air- 
tight ? 

13. Name the various cooling coil 


locations in the cabinet? 

Why should the cooling coil al- 
ways be located near the top of 
the cabinet? 


14, 


task. To shut it off will upset its opera- 
tion. The pressures will build up, and 
when the unit is started, it willbe over- 
loaded for a period; very often oil 
pumping results, causing such a dis- 
turbance that particles of dirt in the 
system start to circulate causing 
trouble. Another trouble is that after 
the oil pumping starts, the crankcase 
will be low on oil and cause scoring 
and overheating. 


Whenever a refrigerator is moved, 
the condensing unit should be clamped 
or bolted to the cabinet if it is mounted 


on springs or rubber supports. The | 


shipping bolts that were supplied by the 
manufacturer should be kept for this 


purpose. l 


15. 


1GP 


Ti. 


18, 


LS 


20. 


Zu 


22, 


23. 
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25. 
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Why should liquid and moist foods : 
be covered when placed in the 
refrigerator? 

What clogs an air-cooled con- 
denser, externally? 

What should a distributor of re- 
frigerators do to safe-guard his 
good-will? 

Explain a good method to provide 
positive rear ventilation of the 
base-located condensing unit? 
What happens when a refrigera- 
tor is disconnected from the cur- 
rent supply for 48 hours or more? 
Why is it best to allow a refriger- 
ator to run instead of being shut 
down? 

Why should a hermetic refriger- 
ator be installed in a level posi- 
tion? 

Why must the voltage of the elec- 
trical line to the refrigerator be 
checked? 

What happens tothe defrost water 
in modern refrigerators? 

What is the best way to check a 
door gasket for leaks? 

How are most latches and strikes 
adjusted? 


The evolution of the refrigerating 
machine has resulted in the increase of 
the hermetic design and a decline in 
the conventional system. 

However, there are many conven- 
tional systems still in use. Also the 
understanding of the conventional cycle 
is an easy step in studying the theory 
of modern refrigerating mechanisms. 

In school training situations, small 
conventional systems are ideal to use 
in teaching the fundamentals of refrig- 
eration to a student. All systems are 
reviewed for the student in this chap- 
ter. 


10-1. TYPES OF COMPRESSION 


SYSTEMS 


Many types of conventional com- 
pression systems have been designed 
and manufactured. However, most con- 
ventional systems have an external 
motor and use a belt drive. Conven- 
tional units also have a number ofser- 
vice valves. A flange type service 
valve with two service openings is 
shown in Fig. 10-1. 

These systems can be classified 
generally by the type of compressor: 
1. Reciprocating Compressor 

2. Rotary Compressor 

Each type of compressor system 
can be classified by the type refriger- 
ant control used: 

Reciprocating Compressor. 

1. Automatic Expansion Valve 


Chapter 10 


- . CONVENTIONAL 
COMPRESSION SYSTEMS 


2. Thermostatic Expansion Valve 
Low Side Float 
4. High Side Float 
a. High Side Float and cap. tube 
b. High Side Float and wt. check 
valve 
5. Capillary Tube 
Each of these ten different systems 
could be classified according to the 
location of the condensing unit: 
1. Top Mounted Condensing Unit 
2. Bottom Mounted Condensing Unit 
3. Remote Mounted Condensing Unit 


3 


10-2. AUTOMATIC COMPRESSION 
SYSTEMS 


Many large refrigerating systems 


10-1. A flange type service valve with two service open- 
ings. The valve stem is protected with a cap. A flared 
type tubing connection is used. 

(Mueller Brass Co.} 


243 


MODERN REFRIGERATION, AIR CONDITIONING 


EXPANSION yave 
pe ta A 


COOLING TANK 


LIQUID LINE 


LIQUID BSECEIVER 


Liv vro_sTe ames 


= vayg Cc” 


10-2. A conventional automatic expansion valve system using a reciprocating compressor. 


are manually operated and require the 
service of a licensed refrigeration 
operating engineer during all hours of 
operation. These engineers manually 
control the flow of refrigerant in the 
cycle and manually control the opera- 
tion of the motor. 


Some local codes and the National 
Code recommend the presence of an 
operating engineer at all times where 
a 25 ton or over capacity refrigerating 
unit is operating, even though it is an 
automatic unit. 


The automatic refrigerating unit 
must have two automatic controls, the 
automatic refrigerant control and the 
automatic motor control. It must also 
have safety devices in case the auto- 
a controls do not function correct- 
y. 


LEGEND 
9 
i 
2 
z 


IGH PRessuan 
= ae 


z3 p o o] MeGM PRESSURE OAS 


OPTS 

EATR 

ai 

Z S 
Pegres 


SUCTION LINE ’ 
a 


van- Ay 


Sonpnesson 


10-3. AUTOMATIC EXPANSION 
VALVE SYSTEMS 


The automatic expansion valve sys- 
tems in the domestic field have not 
been produced since 1935. However, 
many of the systems are still being 
used, One of the newer applications is 
the remote compressor type automotive 
comfort cooling unit. There have been 
several types of automatic expansion 
valve systems in use. 

1. AXV with a reciprocating com- 

pressor 

2, AXV with a rotary compressor 

3. AXV with the unit in the base of 

the cabinet 

4. AXV with the unit in the top of 

the cabinet 

5. AXV with a brine type cooling 

coil 
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10-3. A conventional thermostatic expansion valve system using a reciprocating compressor and a thermostatic 
motor control. 


10-4. AXV WITH 
RECIPROCATING 
COMPRESSOR 


The automatic expansion valve was 
used withthe reciprocating compressor 
in many installations. One of the origin- 
al units is shown in Fig. 10-2. 

The discharge service valve is 
labeled as valve B, the suction service 
valve is labeled A, and the liquid re- 
ceiver service valve is labeled C. No- 
tice the screen location in the liquid 
receiver, The discharge service valve 
is placed below to permit installation 
in a smaller space. The oil plug on the 
Side of the crankcase is typical and is 
used to determine the oil level. Note 
that the suction line connects to the 
crankcase of the compressor and the 
intake valve is in the head of the pis- 
ton. This was a popular arrangement 
with many early refrigerators, There 
are three reasons for connecting the 


suction line to the crank case either 
directly or indirectly in order that the 
crank case pressure will be the same 
as the suction pressure: 


(1) it returns the oil to the crank- 
case as some Oilalways circulates with 
the refrigerant: (2) it simplifies the 
construction; (3) it maintains a con- 
trolled crankcase pressure, The brine 
tank cooling unit consists of a tinned 
copper tank fitted with sleeves. 


10-5. AX V WITH ROTARY 
COMPRESSOR 


The rotary compressor is usable 
with all types of refrigerant controls. 

The use of the automatic expansion 
valve with the rotary compressor was 
used in the 1930’s. One example was 
the Coldspot unit which had a top 
mounted condensing unit with the cool- 
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ing coil suspended from it. An auto- 
matic expansion valve was used. 


10-6. THERMOSTATIC EXPANSION 
VALVE SYSTEMS 


Some domestic systems have used 
the thermostatic expansion valve re- 
frigerant control. This control provides 
a more efficient cooling coil operation 
but its extra cost has kept its use at a 
minimum, Fig. 10-3. 


10-7. LOW SIDE FLOAT SYSTEMS 


Many systems used low side float 
refrigerant controls in past years. This 
cooling coil provided a very efficient 


10-4. A conventional low side float system using a re- 

ciprocating compressor. Note that the compressor uses 

an eccentric on a straight shaft in place of the conven- 
tional crank shaft. 


cooling surface but the amount of re- 
frigerant charge was high and the flpat 
chamber used considerable Space. The 
low side float system has not been 
used indomestic refrigeration since the 
30’s but it is still used in some com- 


mercial and industrial refrigeration 
fields. A student of refrigeration should 
know about these systems however as 
the knowledge of their development and 
use will add to his understanding of 
refrigeration. 


10-8. LOW SIDE FLOAT WITH 
RECIPROCATING 
COMPRESSOR 


Fig. 10-4 shows acomplete system. 

It had a unique condenser in that it 
was constructed onthe spiral principle, 
and in some models it was cooled by a 
fan located on the compressor. On most 
models it was cooled by a fan located 
on the motor. It had a flooded cooling 
unit, porcelain finished, and used sul- 
phur dioxide as the refrigerant. The 
cooling coil was equipped with servic- 
ing valves built into the header. These 
valves were capped to prevent corro- 
sion of the valve stem. An external 
packing nut was used. 

The base or frame for the condens- 
ing unit was also the liquid receiver. 
The low side float systems useda larg- 
er liquid receiver in order to store all 
the liquid refrigerant from the cooling 
coil during service operations, 

Another unique system which used 
methyl chloride as the refrigerant and 
had a conventional cycle is illustrated 
in Fig. 10-5. 

One unique feature of the system is 
the oil trap built into the compressor 
to prevent the oil pumped out of the 
compressor from going over into the 
other parts of the system. This is ac- 
complished by providing a dome-shaped 
receiver over the cylinder which re- 
ceives the discharge from the com- 
pressor. An inverted cylindrical baffle 
inside the dome and surrounding the 
cylinder collects the oil pumped by the 
compressor. The oil then flows to a 
float-controlled oil reservoir at the left 
of the compressorcrankcase. As the oil 
level rises, the float will be lifted and 
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a needle valve opens allowing the oilto 
flow back into the crankcase of the 
compressor. The oil flows into the 
crankcase due to the pressure differ- 
ence between the twochambers, as high 
pressure is on the surface of the oil in 
the oil reservoir and low side pressure 
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service valves usedinthe systemare of 
the capped type to prevent corrosion of 
the valve stems. 


10-9. LOW-SIDE FLOAT WITH 
ROTARY COMPRESSOR 


A low side float system which had 
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10-5. A conventional low side float system using a reciprocating compressor. Note the pressure control valve on 
the low side and the oil trap on the high pressure side. 


exists in the crankcase. This device is 
used because oil dissolves readily in 
methyl chloride and is heavier than the 
liquid refrigerant. If adequate provision 
is not made to separate the oil from the 
refrigerant, it would tend tocollect be- 
low the refrigerant in the cooling coil 
and interfere with its operation. In 
studying the illustration it should be 
noted that the low side float inthe cool- 
ing coil is counter-balanced because of 
the low specific gravity of the refrig- 
erant (methyl chloride). 

A low side suction pressure control, 
built in the end of the suction service 
valve, prohibits excessive low side 
pressure from accumulating in the 
crankcase, which would make it diffi- 
cult for the compressor to start. The 


several unique features was produced 
in the 30’s. Fig. 10-6 illustrates the 
mechanism and shows the following 
different devices: 


Instead of the reciprocating com- 
pressor, this unit used a rotary mech- 
anism, It consists of an eccentric 
crankshaft, enclosedinacircular hous- 
ing with a free sleeve mounted on the 
eccentric of the crankshaft. It has two 
ports located in the housing and sepa- 
rated by a movable blade which is al- 
ways in contact with the sleeve. The 
duty of this compressor is identical to 
that of the reciprocating type and it per- 
forms as follows: Rotating of the crank- 
shaft creates a space on the suction 
side of the blade allowing gas to enter 
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* 10-7. A low side float system. A wick pistes in the suction line opening inside the float chamber aids in remov- 
ing oil trom the surface of the liquid refrigerant. 
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this space through the suction port. As 
it continues to roll around, it pushes 
this quantity of gas around the chamber, 
at the same time compressing it until 
the gas is pushed around to the other 
“side of the blade. As the pressure builds 
up it is discharged out of the exhaust 
port located on this side of the blade. 

The high pressure gases are fedtoa 
storage chamber in the top of the com- 
pressor which is also used as the oil 
reservoir. The crankshaft opening to 
the belt wheel is located in the high 
pressure side and therefore the com- 
pressor seal is a high pressure seal. 
| This differs materially from the reci- 
procating compressor design. 

This refrigerator is equipped with 
service valves placed in the conven- 
tional manner and the cooling unit is 
the low side float type with an open 
pan float. 

This unit had a check valve in the 
suction line so that when the compres- 
sor was not running, the oilinthecom- 
pressor and the high side pressure 
could not back up into the cooling unit. 

A newer model operated much the 
same as illustrated in Fig. 10-7. The 
new Rollator compressor has a hous- 
ing surrounding the compressor which 
serves as an oil reservoir. 

The float in the flooded cooling coil 
is ball type instead of the open pan 
type. A wick arrangement in the float 
chamber was attached to the open end 
of the suction line and provided a 
means of removing oil from the sur- 
face of the refrigerant. The liquid re- 
ceiver was mounted above the con- 
denser and atorque reaction type motor 
was used which automatically kept the 
belt tight. Note the location of the 
check valve and the screens on each 
side of the check valve. 


Another low side float system which 
used a cabinet top mounted condensing 
unit was so designed that it need 
not use acrankshaft seal. This mechan- 
ism was sealed under a dome and was 


unusual in that it had two motors, one 
was connected to a horizontal, single 
cylinder, reciprocating type compres- 
sor of hermetic design. The other 
small electric motor was used to pro- 
vide forced draft over the air-cooled 
condensing coils, Fig. 10-8. The whole 
unit was compactly designed with the 
condenser located below and around the 
compressor. The whole unit was placed 
on top of the cabinet, at one side, or 
underneath as seemed fit. The refrig- 
erant was methyl chloride and the ap- 
paratus was equipped with a filter or 
dehydrator to remove moisture, It had 
an oil trap also to keep away from the 
cooling unit which is the open-pan float 
type. The apparatus is equipped with 
service valves and is completely ser- 
viceable although it is of the sealed 
design. 

Note that the intake valve is a port, 
and that an eccentric crankshaft and 
connecting rod are used, A ‘‘Mercoid’’ 
switch, centrifugally operated, is used 
to disconnect the starting winding. 


10-10. HIGH SIDE FLOAT 
SYSTEMS 


The high side float system was used 
as early as 1925 when Servel used the 
high side float on their units. This con- 
trol was very popular in the 30’s and 
was considered the best system at that 
time. The simplicity of the capillary 
tube system however soon made this 
the most popular. 

These high side floats were located 
in a variety of places: Some wereinthe 
bottom of the cabinet on the base unit, 
others were mounted on top of the cabi- 
net (top mounted units): Still others 
were mounted on the back of the re- 
frigerator cabinet, partly buried in the 
refrigerator insulation. 

There have been three arrange- 
ments of the high side float systems: 


1. High side float. 
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10-8. A low side float system using a hermetic reciprocating compressor. Note the dehydrator in the liquid line 
also the open pan type float. 


2. High side float with a weight 

check valve. 

3. High side float with a capillary 

tube. 

The latter two systems enabled the 
manufacturers to place the high side 
float near the condenser on the base 
of the unit and to place this assembly 
in the base of the cabinet. 

One example of the unit that used a 
high side float only was a top mounted 
unit. 

This unit used semi-hermetic de- 
sign with a belt-driven rotary com- 
pressor. Fig. 10-9. The high side float 
shown, was located beside the condens- 


er. The high side float had a purging 
and service connection on top. The 
compressor was a one blade rotary 
type. 

Note that the base of the unit forms 
the top of the cabinet; therefore, it is 
insulated. 


HIGH SIDE FLOAT WITH 
A WEIGHT CHECK VALVE 


10-11. 


A system made in 1935 used a high 
side float and a weight check valve (a 
pressure differential valve) Fig. 10-10. 

This unit used a twin cylindercom- 


pressor with both the suction service | 
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valve and the discharge service valve 
built into the compressor head. (G) A 
high side float refrigerant control (C) 
located on the compressor base, was 
used with an auxiliary weight check 
“valve (L). The purpose of this weight 
check valve was to maintain a pres- 
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tioned as follows: when enough refrig- 
erant had condensed in the liquid re- 
ceiver, the float opened and allowed the 
liquid refrigerant to flow up tothe cool- 
ing unit, but it could not flow into the 
cooling unit until there was a differ- 
ence in pressure of 25 pounds between 


10-9. A high side float system using a rotary compressor. 


sure in the liquid line of 25 pounds per 
square inch above that in the cooling 
unit, preventing the refrigerant from 
evaporating and freezing before it gets 
into the cooling unit. 


The condenser (B) was a stamped 
unit, The liquid line (D) was insulated 
(K) to keep it from sweating and frost- 
ing. 


The Leonard refrigerator mechan- 
ism was the first to use the high side 
float with a weight check valve (1931). 

From the diagram (Fig. 10-11) may 
be seen that the refrigerator was equip- 
ped with a float located inthe liquid re- 
ceiver, and a weight valve was used in 
the base of the cooling unit. It func- 


the liquid line pressure and the low 
pressure side. This difference in pres- 
sure raised the meter valve or weight 
valve located in the rear of the cooling 
unit and allowed the refrigerant to flow 
into the low pressure side. This sys- 
tem may be said to have had three 
pressures: the low pressure and the 
high pressure as usual and an inter- 
mediate pressure located in the liquid 
line between the weight valve and the 
float valve in the receiver. This inter- 
mediate pressure was never more than 
25 pounds over the low side pressure. 
This system used sulphur dioxide as 
the refrigerant. 

The compressor design may be fol- 
lowed from the cycle diagrammatic 


251 


MODERN REFRIGERATION, AIR CONDITIONING 


10-10. A high side float with a weight check valve 
(a weight loaded pressure differential valve). 


GME HCH PRESSURE REFRICERANT-LIQUD | 
MED HCH PRESSURE REFRIGERANT-cas | (HCH SDE 
toy PRESE REPRE ow nor 
EED REFRICERANT OIL E 


10-11. A high side float located in liquid receiver. 


sketch and it will be noted that it had 
an unusual feature in that the location 
of the intake valve of the compressor 
was in the cylinder head and not in the 
head of the piston. Note the extra ser- 
vice purging valve located in the top of 
the liquid receiver. This valve was used 
for purging non-condensable gases 
from the float chamber. The cooling 
unit style of construction is called the 
shell type. 


10-12. HIGH SIDE FLOAT WITH 
A CAPILLARY TUBE 


Another system that used the high 
side float and capillary tube is shown 
in Fig. 10-12. This unit was produced 
in 1933-35. The motor was placed in- 
side the sealed compressor housing 
which eliminated the crankshaft seal. 
A high side float refrigerant control 
with a capillary tube feed to the cool- 
ing coil was used. 

The valve on this high side float 
control consisted of a sliding button 
rather than a needle valve, The unit 
was located in the base of the refrig- 
erator. The unit had shut-off valves in 
the liquid and suction lines only, to 
permit replacing of the condensing 
unit. The cooling unit was unique in re- 
frigeration, for it was the shelf type 
placed across the top of the box. The 
unit used a 1/5 H.P. motor. 

Note that the compressor was atwo 
cylinder horizontal opposed type with 
both pistons made of one piece of 
metal. It used only one connecting rod. 
The cylinder heads were bolted to the 
cylinder and the unit used intake ports 
instead of valves. 

Another unit with many innovations 
(the Grunow) appeared on the marketin 
1933. 

Carrene (methylene chioride) was 
the refrigerant used. Carrene is one 
of the most unusual refrigerants in that 
it operates under a vacuum both on the 
high and low pressure sides. Normal- 
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10-12. A high side float with a capillary tube. 


ly, the pressures are 27 in. of vacuum 
on the low side and 5 in. vacuum on the 
high pressure side. 


The unit consists of a rotary vane 
type compressor directly driven by the 
motor. Both the motor and the com- 
pressor are mounted vertically under 
a common dome, Fig. 10-13. The unit 
used a high side float mounted beside 
the condenser. The condenser was cool- 
ed by a separate fan and motor. A de- 
hydrator is permanently mounted be- 
tween the high side float and the con- 
denser. The high side float is con- 
structed in such a way that the cham- 
ber can hold all of the refrigerant in 
the system. All of the condensing units 
were mounted in the base of the cabi- 
net. 

A capillary tube carried the refrig- 
erant from the high side float to the 
cooling coil. The suction line was 5/8 
in. O.D. Two service valve attachments 
were provided, one on the high side 
float and one on the cooling coil. 


10-13. CAPILLARY TUBE SYSTEMS 


The refrigerating systems that used 
the capillary tube refrigerant control 
originated in 1928. The Rice refrigera-~ 
tor system used the original capillary 
tube system. Starting about 1934 some 
of the Frigidaire systems used a re- 
strictor. This unit restricted the re- 
frigerant flow by making it pass through 
a small helical passage. 

In Fig. 10-14 is shown condensing 
and cooling units so designed that they 
may be removed in one piece from the 
cabinet. The cycle and operation may 
be easily followed. The unit used sul- 
phur dioxide as the refrigerant and the 
refrigerant control was ofthe capillary 
tube type construction, This capillary 
tube was mounted between the filter and 
the cooling unit. Note that it did not 
have a liquid receiver. A liquid re- 
ceiver was not necessary due to the 
capillary tube refrigerant control. 
Also, the quantity of refrigerant put in 
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10-14. A capillary tube with a reciprocating compressor. 
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the system was carefully measured. 
The lower tubes of the condenser serve 
to store sufficient quantities of liquid 
refrigerant. A different type service 
walve was located between the con- 
denser line and the cylinder head. This 
service valve threaded intothe cylinder 
head and when the compressoy was to be 
removed the valve was turned all the 
way in and the cylinder head was then 
unbolted from the compressor, 


The intake valve, a spring steel 
disk, was located in the piston, An ec- 
centric was used instead of the usual 
crankshaft, and it was fastened to the 
compressor shaft by a bolt and key in 

| addition to the typical Woodruff key 
design. Lubrication was by oil splash, 
and wells were used to feed the oil to 


the bearings and seal. The crankshaft 
seal was of the diaphragm type backed 
by a rubber washer with the seal pres- 
sure exerted type backed by a rubber 
washer with the seal pressure exerted 
by a spring at the opposite end of the 
crankshaft. The complete condensing 
unit was mounted on springs to mini- 
mize vibration. The cylinder had in- 
tegrally cast air-cooled fins to reduce 
the temperature of the compressor. 


10-14. REVIEW QUESTIONS 


1. How is the condenser cooling 
fan usually driven? 

2. Why is a weight valve used in 
connection with some high side 
float control mechanisms? 

3. Why has the low side float been 
discontinued on domestic refrig- 
erators? 

4, Do all condensers have fans to 
circulate the air? 

5. Have pressure motor controls 
ever been used on domestic sys- 
tems? 


aly ZZ 


10-15. A door gasket developed for magnetically 
latched doors and safety latch doors. It seals tightly 
with only a four-pound force. 

(Jarrow Products Co.) 

Most domestic refrigerators con- 
verted over to the capillary tube sys- 
tem in the 1940’s. A legal decision 
about 1940 enabled all the companies 
to use the capillary tube refrigerant 
control without paying royalties. This 
control became the only one used by the 
companies from that date. 


A new type gasket specially de- 
veloped for doors that are feather light 
to close is shown in Fig. 10-15. This 
rubber gasket is used on safety-type 
spring and magnetic refrigerator and 
freezer doors. Note how the gasket 
clamps under the door liner and how 
the open tube design enables a sealing 
action with very slight pressure. 


6. Have thermostatic expansion 
valves ever been used ondomes- 
tic systems ? 


T. What refrigerants have been used 
with the low side float systems? 


8. When was the first capillary tube 
used? 


9. Have all condensing units been 
located in the base of the cabi- 
net? 

10. Why was a capillary tube some- 
times used witha high side float? 
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built into the high side float chamber 
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10-16. Several refrigerating cycles that have been 
used during the past several decades. 


10-15. UNUSUAL MECHANISMS 


A number of interesting refrigerat- 
ing mechanisms have been developed, 
manufactured, and used through the past 
several decades. Figure 10-16 illus- 
trates two of the unusual units that 
proved practical, but eventually gave 
way to the hermetic units nowinalmost 
universal use. 


Note the beat exchanger 
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Chapter 11 


-~ -< - SERVICING 


z 


CONVENTIONAL SYSTEMS 


A competent service man must be 
well acquainted with the fundamentals 
of refrigeration and must be adept in 
the proper use of tools before he is 
qualified to work on a conventional re- 
frigerating mechanism. A good know- 
ledge of fundamental refrigeration is 
needed to dismantle and assemble the 
mechanism and to locate troubles. A 
knowledge of the handling of tools is 
necessary in order to lap valves pro- 
perly, to fit tubing, and to assemble the 
parts in the proper manner. 

The ability to locate trouble and de- 
termine its cause is a main qualifica- 
tion of a competent refrigerator ser- 
vice man. Practically any careful 
mechanic can overhaul a refrigeration 
mechanism once it is taken apart, but 
it requires a specially trained mech- 
anic to dismantle and assemble a re- 
frigerator, and it also requires special 
training to diagnose troubles and make 
repairs on the mechanism, It is very 
important to read and study this com- 
plete chapter before attempting any 
repairing. 


11-1. SERYICING CONVENTIONAL 


REFRIGERATOR UNITS 


As all of the reciprocating com- 
pressor type refrigerators are much 
the same, general instructions will 
apply to nearly all of them. Although 
all of the domestic refrigerating units 


being made today are hermetic, there 
are still many conventional units in use. 


11-2. DISMANTLING 


Generally speaking, to remove any 
part of the mechanism it is first ne- 
cessary to remove the refrigerant from 
the mechanism. This is done by in- 
stalling gauges in the system, the 
proper manipulation of the service 
valves, and operation of the compres- 
sor, See Fig. 11-1. The removal ofany 
part is usually accomplished by draw- 
ing a low pressure or vacuum on that 
part to be dismantled in order to eva- 
porate the refrigerant from it, and then 
by equalizing the pressure to 0 pounds 


11-1. A conventional compression system showing the 

location of the gauges and the servicing valves. A. High 

pressure gauge; B. Compound gauge; C. Suction service 

valve; D. Discharge service valve; E. Liquid receiver 
service valve; F. Expansion valve. 
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11-2. A typical set of tools needed for servicing operations. 
(Gibson Refrigerator Co.) 


per square inch gauge. The vacuum, of 
course, removes the refrigerant and the 
equalizing or balancing of the pressure 
prevents a rush of air intothe mechan- 
ism, when the system is opened, This 
last stepis very important. The process 
is performed by closing the inlet ser- 
vice valve to the part to be removed, 
running the compressor until the gauge 
shows a 0 psig to a 28 in. vacuum, and 
then after opening the inlet service 
valve until the gauge reads zero, clos- 
ing the inlet service valve to that part, 
cleaning the joints and then removing 
the parts. 


11-3. TOOLS 


The service man should be equipped 
with an adequate tool kit. Tools re- 


quired include: valve wrenches, gauges, 
storage cylinders for the refrigerant, 
wrenches, and a torch, Fig. 11-2. The 
service man is helpless without a 
proper array of tools. See Chapter 2 
for more detailed description of the 
tools. 

A service man’s complete tool kit 
will comprise the following: 


1 Refrigeration ratchet wrench with 
3/16, 7/32 and 1/4 in. square openings 


1 1/4 in. square to 1/4 in. square 
ratchet wrench adapter 


1 1/4 in. square to 3/16 in. square 
ratchet wrench adapter 


1 1/4 in. square to 7/32 in. square 
ratchet wrench adapter 
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1 3/16in.internal packing nut adapter 
1 1/4 in. internal packing nut adapter 
1 Set of bending springs for 1/4, 3/8, 
and 1/2 in. O.D. tubirig Ta 


g a” 
ar 


1 Tube cutter 


1 Flaring outfit to use on 3/16, 1/4, 
5/16, 3/8, 7/16, 1/2 in. O.D. tubing 


1 gauge manifold 


1 Compound gauge 30 in. Hg=--0--150 
psig 


1 High pressure gauge 0--300 psig 


1 8 in, adjustable openend wrench with 
maximum jaw opening of 1 in. 


1 1/2 in. end wrench 15 degrees 
1 3/4 in. end wrench 15 degrees 
1 7/8 in. end wrench 15 degrees 
1 1 in. end wrench 15 degrees 

1 1/2 in. box wrench 

1 1/2in. ‘“T” socket wrench 

1 3 in. screwdriver 

1 6 in. screwdriver 


1 8in. screwdriver 


1 Blow torch 


pė 


Bottle of 28 per cent aqua ammonia 
1 set of Allen set screw wrenches 

1 5 lb. cylinder of Freon-12 

1 5 lb. cylinder of sulphur dioxide 


1 3 lb, cylinder of methyl chloride 


1 Set of sockets with from 7/16 in. to 
1 in. openings (12 point preferred.) 


J] T-handle wrench for the above sock- 
ets. 


1 Survil handle wrench for the above 
sockets 


1 Torque handle wrench for the above 
sockets 


2 


1 Speed handle wrench for the above 
sockets 


1 Pinch-off tool (For extreme emer- 
gencies only) 


1 Thermometer-20F. to 0 to 120 F. 
1 Set of fittings, i.e. nuts, elbows, 
unions, half unions, ‘‘tee,’’ caps, plugs, 
etc. 

1 Purging line (4 in. x 15 ft.) equip- 
ped with a hand shut-off needle valve 
and a check valve 

1 Brush--round with filter bristles 


1 Cleaning cloth 


1 2 lb. can of lye for sulphur dioxide 
systems 


1 Gasket scraper (ground file) 

1 Glass lapping block 

1 Can of refrigerant oil (spout type) 
1 Can of refrigerant oil, 300 viscosity 


1 Can of refrigerant oil, 150 viscosity 


11-4. INSTALLING GAUGES 


Before attempting any trouble shoot- 
ing or service work on any unit, pres- 
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sure gauges should be installed and the 
cooling unit temperature should be tak- 
en. 

A very careful procedure must be 
followed when mounting the gauges on 
a refrigerating system to insure a 
clean system and a long life for the 


EVAPORATOR > 


11-3. A service gauge manifold. A. A compound gauge 

manifold valve; B. A high pressure gauge manifold valve; 

C. Compressor discharge service valve; D. Compressor 

suction service valve; E. Purging and charging manifold 
connections. 


(Mueller Brass Co.} 


gauges, These gauges are either screw- 
ed directly into the service valves, by 
means of a 1/8 in. pipe or a 1/4 in. 
pipe connection, or by short runs of 
1/4 in, tubing with which the appropriate 
fittings are used. A gauge manifold 
may also be used. Its installation is 
described in Paragraph 11-5. The ser- 
vice valves on refrigerators inservice 
are usually turned all the way out ready 
to receive the gauge in the gauge open- 
ing; however, the service man should 
always check to make sure the gauge 
opening is closed off before removing 
the gauge opening plug. 

The following is an approved pro- 
cedure for installing gauges: First, 
loosen the packing nut one complete 
turn and turn the valve stem all the 
way out. Clean the exterior of the ser- 
vice valve with a brush, and a clean- 
ing cloth and remove the gauge plug. 


Mount the gauge into the gauge open- 
ing, being careful not to twist on the 
gauge body; that is, do not tighten the 
gauge into the fitting by twisting with 
the hand, but rather use the proper 
size wrench. 

Now turn the valve stem in, using 
the fixed end of the service valve 
wrench, and turn it in only a very 
small distance (1/16 to 1/8 turn). This 
‘tcracking’’ is to prevent the rupturing 
of the gauge mechanism in case there 
is an excessive pressure released into 
the gauge Bourdon tube. Shut off the 
valve in case the pressure builds up 
too rapidly. Stop the machine, if ne- 
cessary, to build upa positive pressure 
of from 5 to 10 psig and then test for 
leaks. The gauge is now in position for 
use, 


11-5. INSTALLING A GAUGE 


MANIFOLD 


A service device which has been of 
considerable aid to servicemen for 
several years is a service gauge and 
testing manifold. Fig. 11-3. Its use en- 
ables one to charge and discharge a 
system, check the pressures, add oil 
to a system, add liquid dryers toa sys- 
tem, by-pass the compressor, unload 
the gauge lines of high pressure liquid 
and gas and perform many other opera- 
tions without replacing gauges and 
operating inaccessible service connec- 
tions. 

A typical manifold provides two 
gauge openings, three line connections 
and two shut-off valves that separate 
the gauge openings from the center 
line connection. This manifold enables 
the serviceman to connect his gauges 
to the system and then allows him to 
do practically all service and adjust- 
ment operations without removing the 
gauges even temporarily. 

The manifold usually has 1/4 in. 
Square drive valve stems although some 
are equipped with hand wheels. The 
three line attachment fittings are usual- 


260 


SERVICING CONVENTIONAL SYSTEMS 


ly 1/4 in. MF. The manifold is connect- 
ed to the SSV (D) and the DSV (C) by 
means of 1/4 in. dia. copper tubing or 
by means of flexible lines. Fig. 11-4. 
Because most~of the service valves 
have 1/8 in, FP gayge openings two 
1/8 in. MP x 1/4 in.«MF“half unions 
are installed in the service valves. 
Be sure the service valve stems are 
turned all the way out and that the valve 
is cleaned externally before removing 
the pipe line plugs and installing the 
half unions. 

After the half unions are installed 
in the gauge openings, the lines from 
the manifold are attached to these fit- 
tings. The line attached to the SSV(D) 
should be left one to two turns loose 


11-4. A flexible charging line. Note the wall construc- 
tion. A. External flare connection; B. Internal flare con- 
nection. 

(Resistoflex Corp.) 


while the line to the DSV should be 
tightened. Then open both the manifold 
valves (A and B) 1/4 to 1/2 turns and 
cap the middle opening (E). Now turn 
the DSV (C) stem in 1/8 to 1/4 turn 
momentarily. A surge of high pres- 
Sure refrigerant will then rushthrough 
the lines and the manifold and purge 
to the atmosphere at the loose connec- 
tion at the SSV(D). The connection at 
the SSV(D) may now be tightened. This 
purging is very necessary to remove 
all the air and moisture from the mani- 
fold and also the lines, Fig. 11-5. 


Carefully test for leaks while the 
manifold and its lines are under high 


pressure. CORRECT ANY LEAK IM- 
MEDIATELY. 

After the testing manifold has been 
installed as indicated the various ser- 
vice and testing operations may be per- 
formed as follows: 

1. Observe operating pressures by: 

Closing valve A 
Closing valve B 


Cracking open back seat of 
valve C 

Cracking open back seat of 
valve D 


2. Charge refrigerant throughcom- 
pressor by: 
Connecting refrigerant drumtoE 
Opening valve A 
Closing valve B 
Cracking open back 
valve C 
Closing front seat of valve D 
3. Purge receiver by: 
Closing valve A 
Opening valve B 
Back seating then crack open 
valve C 
4, Charge liquid into high side by: 
Connecting refrigerant drum to E 
Closing valve A 
Opening valve B 
Mid positioning valve C 
5. Build up pressure in low side for 
control setting or to test for 
leaks by: 
Sealing E with seal cap 
Opening valve A 
Opening valve B 
Back seating then crack open 
valve C 
Mid positioning valve D 
6. Charge oil through the compres- 
sor by: 
Connecting oil supply to E 
Opening valve A 
Closing valve B 
Turning valve C all the way out 
Turning valve D all the way in 
After completing the service opera- 
tions, the manifold is removed from the 
system in a manner that prevents a loss 


seat of 
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11-5. The installation and various uses of a gauge manifold. 


of refrigerant, or admittance of air. 
Turn the DSV (C) all the way out, then 
open both the manifold valves 1/4 to 
1/2 turn, This arrangement will remove 
all the high pressure refrigerant from 
the line and the high pressure gauge. 
Now turn the SSV(D) stem all the way 
out and turn the manifold valve stemall 
the way in. Remove the lines from the 
service valve, remove the half unions 
from the service valves and install the 
service valve gauge opening plugs and 
tighten them. Immediately plug the 
lines and all other openings on the 
manifold to keep out dirt, moisture and 
air. 


11-6. REMOVING A GAUGE 


Loosen the packing nut one turn and 
turn the valve stem all the way out. Re- 
move the gauge (using a wrench), fill the 
gauge opening with refrigerant oil, and 
then install the plug. After the plug is 
tightened firmly into its seat, turn the 
valve stem back in about 1/16 of aturn; 
then tighten the packing nut. The pur- 


pose of putting the oil into the gauge 
opening is to have it serve as a lubri- 
cant to the valve stem and its packing. 
The purpose of turning the valve stem 
back in 1/16th of a turn is to prevent 
the valve from ‘‘freezing’’ against its 
seat. Such a condition occasionally 
leads to broken valve stems. Never 
tighten a cold gauge plug into a hot 
service valve. This resultsina freezing 
of that plug into its seat andit probably 
will be very difficult to remove. When 
using the service valve wrench on these 
valves, never use a jerky motion, Al- 
ways apply the turning force gradually. 
Adjustable end wrenches or fixed end 
wrenches are not recommended for 
service valve stems. Only the special 
socket wrenches, sometimes called 
keys, are to be used. 

If the gauge plug is ‘‘frozen’’ in the 
service valve it can be loosened easily 
by first heating the outside of the ser- 
vice valve body with flame fromatorch. 
This heating will cause the body to ex- 
pand and will weaken the body thread 
grip on the plug. The wrench can then 
be used to loosen the valve stem. 
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11-7. CARE OF SERVICE VALVES 


In all of the refrigerators equipped 
with service valves, the valves must be 
leak-proof to obtain a leak-proof joint 
where the valve stem,.goés into the 
valve, Various packings are used, 
These packings differ with different 
valve designs and when replacing them 
one must be sure the proper packingis 
used, 

The packing is usually made of as- 
bestos, lead, and graphite. A replace- 
ment service valve is shown in Fig. 
11-6. It has aslotted flange that enables 
one to fit this valve toa great variety of 
compressor flange sizes. 


11-6. A compressor service valve with slotted flange 
holes and a protective cap over the valve stem. 
(Mueller Brass Co.) 


11-8. PREPARING A REFRIGERATOR 
FOR SERVICE WORK 


It is very important to prevent any 
damage or excessive disorder when 
working on any refrigerator. The re- 
frigerator must be protected from dam- 
age and dirt. The floor and walk must 
be kept free of damage and dirt. Al- 
ways remove any articles that are in- 
Side the refrigerator or at least put 
them to one side and cover them with 
paper or cloth. Spread papers, or pre- 
ferably a tarpaulin, around and under 
the refrigerator, especially if the work 
is to be done in a home. One must be 
very careful of all finished surfaces. 
Porcelain is very brittle and any chip- 


ping or cracking of it may necessitate 
replacing a complete panel. Enamel 
finishes should not be smeared withoil 
or grease. Some servicemen fasten 
newspapers over surfaces they wish 
to protect and fasten these papers with 
masking tape or Scotch tape. 


11-9. REMOVING ANY PART OF 
THE SYSTEM 


The general steps to be followed 
when removing any part of any system 
are as follows: 

1. Remove all the refrigerant from 

the part to be opened. 

2. Balance the pressures in the 
parts just evacuated. 

3. Isolate the parts to be opened 
from the rest of the system. 

4, Clean and dry the joints to be 
broken. 

5. All refrigerant openings should 
be immediately plugged as soon 
as they are opened. 

When servicing a refrigerating me- 
chanism, one must always keepin mind 
that the internal part of the machine 
must be kept as chemically clean as 
possible, Moisture causes acids, sludge 
and even freezes in the low tempera- 
ture passages, Dirt (solids) will abrade 
the control valves, abrade the com- 
pressor valves and seats, and clog the 
screens. 


11-10. REMOVING THE 
COMPRESSOR 


Install the gauges, or the manifold; 
test for leaks very carefully. See 
Paragraphs 11-37 for leak tests. In 
order to test for leaks, the pressure 
must be at least 5 to 15 pounds. 

Turn the suction service valve all 
the way in (closing off the suction line), 
Fig. 11-7. Start the compressor, but 
let it run for only a momentinorder to 
eliminate oil pumping, for the oilinthe 
crankcase will bubble vigorously due to 
the refrigerant coming out. Pumping of 
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oil is indicated by a pounding noise in 
the compressor and usually occurs be- 
tween 10 in. and 12 in. vacuum. After 
starting and stopping the unit two or 
three times, it may finally be run con- 
tinuously. Keep the unit running for a 
few minutes after a constant vacuumis 
reached on the suction gauge. Ifa vacu- 
um cannot be obtained, it means that 
the compressor is inefficient or that the 
suction service valve is leaking. Stop 
the compressor and notice if the gauge 
creeps. If it does, this signifies that 
the exhaust valve in the compressor is 
leaking, that the suction service valve 
is leaking, or that the crankshaft seal 
is leaking. In this case the prevention 
of gas escaping or of air getting into 
the system willbe difficult. These leaks 
will necessitate a special service op- 
eration to rid the system of air. 

If the gauge does not creep, crack 
the suction service valve until the com- 
pound gauge reads zero or 1 pound 


ZZASNACUUM 


11-7. An illustration showing the suction service valve 
stem turned all the way in and the compressor evacuated. 


pressure (equalizing the pressures). 
Then turn the discharge service valve 
stem all the way in, and unbolt the 
suction service and discharge service 
valves from the compressor (do not 
remove the lines from the valve). The 
joints should be cleaned before open- 
ing. See Fig. 11-7. Immediately plug 
all the openings through which refrig- 
erant flows using dry rubber, cork 
stoppers or tape. Disconnect the com- 
pressor base bolts that hold the com- 
pressor to the base, remove the belt, 
and the compressor is ready for an 
overhaul. The oil should be drained 
immediately. Do not use the old oil 
again, especially if it shows discolora- 
tion. To keep the crankshaft seal from 
being abused, never rest the weight on 
the flywheel. Always set the com- 
pressor on a block in such a way that 
the flywheel hangs free, or remove the 
flywheel. 


11-11. REMOVING THE COOLING 


UNIT (DRY SYSTEM) 


Install the compound gauge or the 
manifold and test for leaks. Start the 
compressor and close the LRSV, Fig. 
11-9, Run the compressor until a con- 
stant vacuum has been produced and 
until the cooling unit is warm. To 
speed up this operation heat the cool- 
ing unit carefully with a torch or hot 
water. Never allow it to get more than 
warm to the hand. After stopping the 
motor, open the LRSV a very little un- 
til the compound gauge reads zero 
(equalizing the pressure); then turn 
the suction line service valve all the 
way in, closing the suction line. If the 
system normally operates ona vacuum, 
one may obtain a balanced pressure 
(atmosphere) in the cooling unit by 
either warming the unit, or by by- 
passing high pressure back through the 
gauge manifold. 

Clean and dry the suction line where 
it is connected to the cooling unit and 
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11-8. An illustration showing the two compressor service 

valves turned all the way in and the compressor crank- 

case pressure balanced and ready for removal from the 
system. 
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11-9. An illustration showing the liquid receiver service 
valve closed and the compressor evacuating the liquid 
line and the low pressure side of the system. 


also the inlet connection. Then unfasten 
the suction line from the cooling unit 
and plug the openings with appropriate 
fittings. 


11-12. REMOVING A HIGH SIDE 
FLOAT 


If the unit has a high side float, the 
method of removing the refrigerant 
from the low pressure side may be 
used in some cases. However, to re- 
move the refrigerant from the con- 
denser and float chamber, the follow- 
ing procedure is recommended: If the 
float chamber is equipped with a purg- 
ing valve, connect a line from this 
valve to the suction service valve of 
the compressor, Then connect a re- 
frigerant cylinder to the discharge 
service valve gauge opening and turn 
the DSV stem all the way in. Purge 
both of these lines and then start the 
compressor. As the compressor runs, 
it will pump the refrigerant out of the 
condenser and float chamber into the 
cylinder. A constant vacuum will indi- 
cate when all the refrigerant has been 
removed, The cylinder should be cool- 
ed by using cold water or water and ice 
cubes during this operation to speedup 
the condensation of the refrigerant in 
the cylinder. It is not good practice to 
save this refrigerant unless the cy- 
linder was clean before it was filled, 
and unless the refrigerant is to be put 
back into the same unit. 

Balance the pressure by ‘‘cracking’’ 
the discharge service valve, and the 
float may be removed. 

If one wants to keep the refrigerant 
in the cooling coil, turn the suction 
service valve stem all the way in. 
Clean the connections before breaking 
open any of the joints. A quicker way 
is to throw away the refrigerant in the 
float chamber by isolating the float 
chamber and then purging to the out- 
doors or neutralize with lye in case of 
sulphur dioxide. 
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11-13. REMOVING A LOW SIDE 
COIL 


There are two methods of removing 
the flooded cooling unit and they depend 
on whether or not the refrigerant is to 
be left in the cooling unit. 

1. The refrigerant may be left in 
the cooling unit if the cooling unit is 
equipped with service valves between 
the lines and the cooling unit. This 
method will necessitate leaving both the 
service valves on the cooling unit; 
therefore it will apply to all types of 
valved cooling units. To leave the re- 
frigerant in the cooling unit, proceed as 


11-10. An illustration of a method discharging a system. 


follows: close the liquid receiver ser- 
vice valve and run the compressor for 
about 1 minute or until the liquid line 
becomes warm. In the meantime, heat 
the liquid line Slightly with a torch 
or by rubbing one’s hand on it. This 
action will remove all the liquid re- 
frigerant from the liquid line. Then 


close the liquid line valve located on 
the cooling unit. It is best to close this 
valve when the compound gauge is read- 
ing about zero pounds, The liquid line 
may be disconnected and plugged after 
the exterior has been carefully cleaned 
and dried. Turn the cooling unit suc- 
tion line valve stem all the way in, and 
balance the pressures in the suction 
line by manipulating this valve. Clean 
and dry this connection, remove, and 
plug the suction line, By carefully bend- 
ing the suction line and liquid line to 
prevent the buckling of them, the cool- 
ing unit may be readily unbolted and 
removed from the cabinet. Many cool- 
ing unit mounting devices become cor- 
roded and are difficult to remove. Heat 
them carefully (do not heat the porce- 
lain) or use penetrating oil. 

2. If the cooling unit is not equipped 
with service valves, or if the refriger- 
ant is to be withdrawn from the cooling 
unit, use the following prodedure: In- 
stall a compound gauge in the suction 
service valve and test for leaks. Start 
the compressor and shut off the liquid 
line at the cooling unit if it is provided 
with bolted valves, or close the liquid 
receiver service valve if itis not. Con- 
tinue to evacuate the cooling unit, heat- 
ing it carefully as suggested to speed 
up the work until a constant vacuum has 
been produced. Next stop the compres- 
sor and crack the cooling unit valve or 
the liquid receiver service valve until 
the pressure has been equalized, that 
is, until the compound gauge reads 
zero, Now, turn the suction service 
valve stem all the way in. After clean- 
ing the connections at the cooling unit, 
remove them very carefully, and plug 
all the openings immediately. If the 
cooling unit is equipped with valves, 
and the cooling unit liquid line valve 
has been shut off, this valve must be 
unbolted from the cooling unit. This 
means that it will be impossible to seal 
the cooling unit openings; therefore, 
the method whereby the liquid receiver 
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service valve is the valve manipulated, 
is the best. 


È 11-14. REMOVING THE 


REFRIGERANT, CONDENSER, 
RECEIVER TANK 2 


In this case, all’ the refrigerant 
must be thrown away or stored in an 
outside cylinder. Turn the discharge 
service valve all the way out and at- 
tach a line from a storage cylinder, 
if one is to be used, to the valve. The 
storage cylinder may be connected to 
the center opening if a manifold is 
used. Purge the line leading from the 
cylinder by sealing the line at the 
cylinder; then leaving it loose at the 
discharge service valve, crack the cy- 
linder valve and the escaping gas will 
force the air out of the line. Seal the 
line at the discharge service valve, 
close the discharge line of the com- 
pressor by turning the discharge ser- 
vice valve all the way in, test for leaks, 
and start the compressor. Place the 
cylinder in a bucket of waterinorder to 
keep it as cool as possible. Fig. 11-10. 
This action will promote the condensa- 
tion of the refrigerant in the cylinder. 
Allow the compressor to run with all 
but the discharge service valve open. 
Shut the compressor off after a con- 
stant vacuum has been maintained for 
several minutes. When one does this 
operation the first few times, a high 
pressure gauge should be connected to 
the refrigerant cylinder to enable the 
service man to observe the head pres- 
sure. The pressure should not exceed 
50 psi over the normal condensing tem- 
perature for the particular refrigerant. 
Excessive head pressures may be 
avoided by cooling the refrigerant tank 
with ice, or water, or by running the 
compressor intermittently. Saving the 
refrigerant is not recommended in 
small systems because it might be 
Saturated with dirt and impurities. 
The cost of 1 or 2 pounds of refriger- 
ant is not excessive. Never allow the 


system to pump oil as the hydraulic 
pressures may cause serious damage 
to the compressor and lines. Never 
use the refrigerant in any system but 
the one it was removed fromunless the 
refrigerant is distilled and dried. The 
operation may be speeded up by apply- 
ing a torch to the liquid receiver tank 
and to the cooling coil. Keep the torch 
away from fuse plugs and soldered 
joints, _ 

The refrigerant has now all been 
pumped from the system and is placed 
in a storage cylinder. 

Close the cylinder valve and stop 
the compressor; then after opening the 
discharge service valve, crack the cy- 
linder valve until a zero pressure is 
indicated on the compound gauge. This 
action returns enough gaseous refrig- 
erant to balance the pressure in the 
entire system. Before opening it to the 
air, close the liquid receiver service 
valve and turn the discharge service 
valve stem, all the way in and the con- 
denser and receiver may be removed 
from the mechanism. 

The above method is also used for 
removing the refrigerant. As mentioned 
before, clean and dry all the connections 
to be opened and immediately upon re- 
moval of any parts, the refrigerant 
openings should be carefully plugged. 
Whenever the service man wants to 
discard the refrigerant, he may either 
exhaust it to the air or in some cases 
(sulphur dioxide) discharge it into a 
neutralizer such as lye. 

A good practice to follow when dis- 
carding refrigerant is to attach a purg- 
ing line made of 1/4 in. copper tubing 
to the discharge service valve gauge 
opening. This purging line should have 
a hand needle valve and a check valve 
mounted in the compressor end. The 
hand needle valve should be located be- 
tween the check valve and the purging 
line. 

The purpose of the hand valve is to 
control the amount of gas purged while 
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the check valve prevents the backing up 
of air or moisture into the unit after it 
has been completely purged. Another 
common practice for discarding re- 
frigerants is to purge the gas downa 
sewer. This practice is not recom- 
mended due to the corrosive action of 
some refrigerants. If it is done, the 
water tap should be opened and the 
water allowed to flow rapidly in order 
to wash the refrigerant along. 

Because all refrigerants being purg- 
ed have an oil content the purging should 
be done into an oil trap. Always purge 
a refrigerant into a well ventilated 
space, 


11-15. REMOVING AN 
EXPANSION VALVE 


Install the gauges or the gauge 
manifold and test for leaks. Close the 
liquid receiver service valve and run 
the compressor until a constant vacu- 
um is maintained for a few minutes. 
Equalize the pressure by cracking the 
liquid receiver service valve. Turnthe 
suction service valve stem all the way 
in, dry and clean the expansion valve. 
Then remove the liquid line and unbolt 
the valve from the cooling unit. Seal 
the refrigerant openings immediately. 
This method is similar to removing a 
flooded cooling unit not equipped with 
service valves. 


11-16. REMOVING A FLOAT 
VALVE 


There are two principal types of 
float valves. First, the type which is 
completely removable including the 
float, the needle, and the refrigerant 
openings. Second, the cartridge type in 
which the header is welded to the body, 
and the needle and seat are built into a 
cartridge. The float cannot be removed 
in this lattertype which usually uses the 
open pan type floa+ 

1. To remove a bolted cooling unit 
float valve, the same procedure is fol- 


lowed as when removing the cooling 
unit itself with a few additional pre- 
cautions. When doing the project, have 
the new float valve and a new lead 
gasket handy so the job may be done 
quickly. Also, tilt the cooling unit back 
before unbolting the header to prevent 
the oil from running out. ALWAYS RE- 
MOVE FOOD FROM A BOX BEFORE 
WORKING ON A COOLING UNIT. 

2. A cartridge type of needle valve 
may be replaced using the same meth- 
od previously explained withthe excep-= 
tion that the suction line does not have 
to be removed. The cartridge needle 
assembly that screws out of the header 
is all that needs servicing. In this type 
of float valve the needle fastens to the 
float by means of a spring snap. In- 
serting the cartridge automatically 
fastens the needle to the float. 


11-17. REMOVING A SERVICE 
VALVE 

Occasionally a service valve stem 
will break or the threads will strip, 
necessitating a replacement of the 
valve. If it is the suction service valve, 
one must remove all the refrigerant 
from the cooling unit and then balance 
the pressure unless the cooling unit is 
furnished with valves. To remove adis- 
charge service valve ora liquid receiv- 
er service valve, the refrigerant must 


be removed from the entire system. Do 
not pinch the lines to replace valves 
as the weakened tubing will shortly 
cause trouble, Servicemen have suc- 
cessfully replaced these valves by 
Super-cooling the refrigerant in the 
system by using dry ice. When dry ice 
is packed around the refrigerant con- 
taining parts of the system and whenthe 
gauges show atmospheric pressure, the 
system can be opened. Be sure towear 
goggles during this operation, 


11-18. REMOVING THE ELECTRIC 
MOTOR 


To remove the electric motor, first 
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disconnect the power line, then remove 
the wires from the motor terminals. 
Label the terminals to aid assembly 
wlater. Next loosen the hold-down bolts 
which attach the motor to the base. Re- 
move the belt from the flywheel first, 
then the pulley. The nfotor can then be 
lifted out. Use care that t the ‘fan does not 
hit the condenser coils or catch on the 
belt. 


REPAIRING THE 
CONVENTIONAL UNIT 


11-19. 


Most of the mechanisms used in 
conventional refrigerating machines 
may be repaired and used again justas 
is done in automobile repairing. How- 
| ever, the replacement policy is very 
popular and if the parts are available, 
this practice is to be preferred. Many 
orphan makes (the manufacturers are 
no longer in business), are still being 
used and parts cannot be obtained for 
them. With these machines in mind, 
the following instructions deal with re- 
conditioning the old mechanisms to ef- 
ficient condition. There are many things 
that can go wrong with a refrigerating 
unit but only a few represent 90%to 95% 
of the failures. These few are (1) 
leaks (2) faulty motor (3) faulty com- 
pressor and (4) faulty refrigerant con- 
trol. The overhaul of the electric mot- 
or is covered in Chapter 7. Leaks are 
discussed in Chapters 8 and 11. 


11-20. CHECKING THE 
COMPRESSOR 


Many refrigeration troubles are due 
to compressor failure. In most cases of 
refrigeration failure, it is advisable to 
check the compressor first to deter- 
mine if it is operating satisfactorily. 
Naturally, a good service manwillalso 
look for other indications of troublesas 
he performs the check onthe compres- 
sor. However, he should becertainthat 
the compressor isinsatisfactory oper- 


ating condition before proceeding with 
other tests. 

The two most common causes of 
compressor trouble are valves, and 
seals. Noisy valves may be detected 
by a sharp clicking noise in the com- 
pressor as it operates. Leaky valves 
may be detectedas follows: install both 
the high pressure and compound gauges 
or the gauge manifold and test for leaks. 
Turn the suction service valve stemall 
the way in to close the suction line and 
then runthe compressor intermittently. 
That is, turn the power on and offfora 
very few seconds at a time until the 
danger of pumping oil is stopped; then 
allow the compressor to run until a 
28 inch vacuum or as good a vacuum 
as possible, has been obtained. Stop the 
compressor; if the compressor exhaust 
valve leaks, the high head pressure will 
leak back through the exhaust valve and 
produce a pressure above atmospheric 
on the compound gauge; therefore ifthe 
compound gauge creeps, itis asignthat 
the exhaust valve needs servicing, or 
that there is a leak on the low side 
(seal). 

Another way to check the efficiency 
of the exhaust valve of the compressor 
is as follows: Mount the pressure 
gauges, test for leaks, andthenturnthe 
discharge service valve stem all the 
way in. TURN THE COMPRESSOR 
OVER BY HAND. If the discharge valve 
leaks, the pressure, as indicated onthis 
pressure will then leak back to its 
former value as the piston goes down 
if the exhaust valve is leaking. Thatis, 
if the gauge pressure fluctuates con- 
siderably, it is an indication of a leaky 
exhaust valve, but ifthe pressure mere- 
ly increases and does not drop back to 
any extent, it indicates that the exhaust 
valve is not leaking. 

A worn piston or cylinder is in- 
dicated by a clicking noise which is 
somewhat duller than the noisy valve 
indication mentioned before. A com- 
pressor should be able to produce at 
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least 30 inches of vacuum against its 
head pressure (depending on the refrig- 
erant) to be good enough for use. The 
compressor must pump a specified 
quantity of gas at a certain pressure 
difference to do the work necessary; 
but this is too hard to check; there- 
fore the above methods are used as 
secondary checks, See paragraph 21-44 
for a description of compressor volu- 
metric efficiency. Many shops use a 
fixed size tank into which the compres- 
sor pumps air while being tested. If 
the time it takes to pump the compres- 
sor pumps into 150 lbs. per sq. in. is 
noticed for each size a compressor, a 
universal way to test volumetric effi- 
ciency is available. 


Compressor Testing Methods: 

1. Vacuum producing ability 

2. High pressure maintaining ability 

3. Being able to hold both the vacu- 
um and the head pressure 


11-21. CHECKING COMPRESSOR 


SEAL LEAKS 


To test for leaks on the low pres- 
sure side of a compressor, Such as at 
gaskets, at the suction service valve, 
or at the crankshaft seal, one may use 
one of two methods: (1) Close the suc- 
tion service valve and draw as higha 
vacuum on the compressoras possible. 
Then turn the discharge service valve 
all the way in. Keep the compressor 
running. If the head pressure gradually 
rises, it means that air is being drawn 
into the low side of the system. (2) A 
better way is to balance the pressures 
in the crankcase and turnthe discharge 
service valve all the way in. Remove 
the discharge service valve gauge plug 
and connect a 15 in. length of copper 
line; then immerse the end of the cop- 
per line into a glass bottle partly filled 
with oil, with the compressor running, 
If the tube discharges gas continuously, 
as shown by air bubbles appearing in 


the oil, air is being admitted to the low 
side of the compressor. If there are no 
leaks, the bubbling will stop immedi- 
ately after the compressor is started. 
To locate the leak, put refrigeration oil 
around one jointatatime; ifairis leak- 
ing in at that point, the air bubbles will 
cease while the oil is being drawninin- 
stead of air. See Fig. 11-12. 


11-22. COMPRESSOR INTAKE 
VALVE TESTING 


A poor intake valve willbe indicated 
by a poor vacuum, but the compressor 
holds it when it stops. This may alsobe 
due, however, to too thick a gasket or 
worn pistons and rings. Another item 


\i-I1. This figure illustrates the correct method of 
measuring clearance between the crankshaft eccentric 
and the compressor housing. 

(Tecumseh Products Co.) 


to keep in mind is that a lack of oil will 
always result in poor pumping ability. 

When assembling a compressor in 
which it has been necessary to replace 
major parts it is important that the ec- 
centrics be properly positioned on the 
crankshaft. The eccentrics must be 
positioned so the connecting rods are 
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given a full seat on the eccentrics; 
also sufficient end clearance must be 
provided in order that the eccentrics 
ill not bind or rub against the com- 
pressor housings. Fig. 11-11 shows the 
correct way to measure clearance be- 
tween the eccentric andthe compressor 
housing. ee 


11-23. COMPRESSOR TESTING 
AFTER OVERHAUL 


After the compressor has been 
overhauled, it should be charged with 
the correct amount of oil and tested. 
To put the proper amount of oil in a 
compressor, connect a tube to the suc= 
tion service valve, runthe compressor, 
and pump a vacuum with this tubingim- 
mersed in fresh refrigerant oil. The 
oil will quickly fill the crankcase, Oil 
starting to spray through the discharge 
service valve, is an indication that the 
compressor has enough oil. It is best 
to fill the compressor with the amount 
of oil recommended by the manufactur- 
er. The compressor should next be 
equipped with a high pressure gauge 
and a compound gauge, or a gauge 
manifold vacuum against its head pres- 
sure (75 psi for sulphur dioxide and 
100 psi for methyl chloride). If the 
compressor tests all right, it should 
be baked for a period of 8 hours or 
more at a temperature of 150 F. to 
200 F. with a 20 in. vacuum on the 
crankcase, 


11-24. REPAIRING COMPRESSOR 
VALVES 


Practically all valves of domestic 
refrigerators are of the diaphragm or 
disk type, usually called a flapper 
valve. They are made of very thin 
spring steel with a smooth surface 
and are held in place either by their 
own spring tension and a machine 
screw, or by an auxiliary coil or flat 
spring. After a long period of use the 


8 


11-12. Using a manifold and oil to test for low pressure 
side leaks in a compressor. A. The bubble test. B. The 
head pressure test. 


compressor valves wear and the valve 
seats, which are usually made of cast 
iron, may become worn. It is always a 
good policy to replace the valves when 
overhauling a compressor because the 
cost is small, It is also good practice 
to lap the valve seats. There are many 
methods of lapping seats that are satis- 


271 


MODERN REFRIGERATION, AIR CONDITIONING 


factory. The two things necessary are 
that a very fine lapping compound be 
used and special care must be taken 
to clean all lapped surfaces carefully 
after lapping valve seats, otherwise the 
compound will ruin the compressor. 
Wherever raised valve seats are used, 
a plate glass surface may be used as 
the lapping tool, or special lapping 
blocks may be used. Some companies 
use fine polishing paper clamped toa 
flat plate as the lapping surface. Where 
the valve seat is in a bad condition, 
the valve plate should be mounted ina 
lathe, either in a chuck or ona face 
plate, and the whole plate trued up. 
Most companies also use a surface 
grinder to true up a valve Seat. 


aa 
11-13. A valve disc. The side (A) is to face away from 
the valve seat. 


In compressors using the spring 
steel type of valve it is necessary that 
the proper surface of the valve come 
in contact with the valve seat. This 
surface may be detected by the slightly 
turned-over edge of the opposite sur- 
face of the valve. This is caused when 
these valves are stamped out; the 
stamping process turns the edge of the 
valve on one side (burrs it) and if this 
side were placed against the valve 
seat, it might not seal properly, Fig. 
11-13. 

Replacement valve plates are avail- 
able and their use is recommended in 
the field. One replacement valve plate 
has removable seats and valves, Fig. 
11-14, 


Wome 


SUCTION SIDE 


DISCHARGE SIDE 


11-14. A replacement valve plate. These special valve 
plates are available for most refrigeration compressors. 
The valves and the valve seats are removable and can 
therefore be easily repaired. 
(Chicago Seal Co. Inc.) 


11-25. REPLACING BEARINGS 


It is seldom that any work has tobe 
done on the connecting rod bearings or 
crankshaft bearings of compressors, 
but if this should be necessary, itisa 
replacement and reaming process si- 
milar to some automobile work. Old 
bearing sleeves usually made of brass 
or bronze are removed by first split- 
ting them with a cape chisel. The new 
sleeve is pressed into place and then 
line reamed to fit. 

A bushing pressed into a blind hole 
can also be removed by using hydraulic 
pressure, Fill the cavity with grease 
and then insert a shaft the same size 
as the I.D. of the bushing. Cover the 
shaft with a cloth to protect against 
flying grease and then hit the shafta 
sharp blow. The hydraulic pressure 
created will push out the bushing. 

Always measure the crankshaft 
journals for size, taper and out-of- 
round. A variation of more than .001 
inch necessitates reconditioning the 
journal or replacing the crankshaft, 
Fig. 11-15, Very close clearances are 
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usually held in fitting compressor 
bearings. One of the most common 
| sources of noise in a compressor is 
the piston pin. This pin must be re- 
placed in practically all overhauls. 
Tolerances of .0005°in. are not too 
small. The fit must bé very.snug. Ad- 
) justable reamers, hand | operated, may 
- be used to ream the piston and connect- 
ing rod, If the pin itself is badly worn, 
a new one must be obtained. Some 
automobile piston pins are usable in 
refrigerating compressors. Badly 
scored eccentric connecting rods must 
be replaced. 


11-15. A method of checking shafts, rollers and cylin- 
ders for trueness. A. Surface plate; B. Vee Blocks; C. Dial 
indicator. 


11.26. REPAIRING CRANK SHAFT 
SEAL 


Sylphon seals usually have only two 
troubles, a squeaky noise caused by 
running the seal dry, and a leaky seal 
caused by a scored seal surface. A 
noisy seal will soon become a leaky 
one if not attended to: it may be rem- 
edied by the usual process of lapping 
the seal, or it may sometimes be re- 
paired by tapping the seal box lightly 
with a hammer. A more certain rem- 
edy is to wrap the bellows with oil- 
soaked wool yarn or string. A leaky 
seal may be detected by the usual test 
for leaks (ammonia for sulphur diox- 
ide, etc., See Paragraph 11-37). Air 
in the system is usually the result of a 
leaky seal, This is detected by a high 
head pressure in systems having a be- 


low atmospheric low side pressure. It 
will usually cause a lack of refrigerant 
in systems using an above atmospheric 
low side pressure, The usual symptoms 
of this trouble are high power bill, 
constant running, poor refrigeration. 

To lap in a sylphon seal properly, 
the work should be done with a special 
tool made of case-hardened steel with 
a ground surface. This tool with some 
oil-saturated lapping compound of a 
very fine texture is all that is neces- 
sary. The crankshaft surface and the 
surface of the sylphon that come in 
contact should never have any scratches 
on them and should be of a burnished 
appearance to give satisfactory ser- 
vice. The contact surfaces of the syl- 
phon and the crankshaft shoulder must 
be perfectly square and polished. See 
Fig. 11-16, Fig. 11-17 and 11-18. A 
scored crankshaft seal shoulderis best 
repaired by putting the crankshaft ina 
lathe and polishing the shoulder face 
with a high speed grinder. The amount 
ground away must be very small be- 
cause the case hardening onthese shafts 
is only .015 in. to .030 in. deep. Once 
this case hardening is ground through, 
the seal will not wear long. After the 
shaft is ground, it must be lapped in 
the lathe, using phosphor bronze or 
cast-iron lapping blocks and a very 
fine lapping compound under a light, 
even pressure. 


LAPPING PAPER 


LAPPING TOOL 


I-16. Lapping the crankshaft seal shoulder. 


When assembling a new or a rebuilt 
seal a special tool should be used to 
align the seal mechanism so it will be 
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located in proper position in relation 
to the crankshaft and seal housing. 
Fig. 11-19 illustrates a seal align- 
ment tool. 

Many service men use replacement 
seal assemblies. These assemblies 


az 
e 
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11-17. The equipment and supplies needed to lap seals 
and valve plates. Note the magnifying glass used for 
inspection. 

(Norge Sales Corp.) 


eliminate grinding and polishing as the 
kit replaces both the crankshaft shoul- 
der and the seal ring. See Figures 
11-20 and 11-21. 

Always use new gaskets when as- 
sembling a compressor as the old gas- 
kets have lost their compressibility. 


11-18. The correct lapping motion when lapping seal 
faces or valve plates. 
(Norge Sales Corp.) 


Lead or special paper gaskets are used 
on compressors, The lead gaskets are 
considered best, but they cost more. 
The thickness of the lead is between 
.010 and .020 in. The paper gaskets 
when used, must be of the same thick- 
ness as those removed and must be 
thoroughly dry (dehydrated). When mak- 
ing a gasket, it must fit the chamber 
to be sealed. That is, the gasket that 
is placed between the exhaust valve 
plate and the cylinder must fit the cy- 
linder with not more than 1/32 in. 
clearance. If this distance is made 
larger, it reduces the efficiency of the 
compressor materially because it in- 
creases the clearance volume. The 
gasket must also be exactly the same 


11-19. A seal alignment tool. 
(Tecumseh Products Co.) 


thickness as the original gasket. A 
gasket that is too thick will reduce the 
compressor efficiency, and too thin a 
gasket may cause an annoying knock. | 

In case a compressor has been 
frozen due to a high head pressure or 
moisture in the refrigerant, it should 
be very carefully cleaned and the piston . 
and cylinder especially should be burn- 
ished in order to remove all foreign 
substances, Xylene will loosenastuck- 
up sulphur dioxide compressor very 
nicely. Whenever a compressor is 
overhauled, new refrigerant oil should 
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be replaced in the crankcase unless the 
old oil is not discolored. The compres- 
sor must be thoroughly dehydrated 
baked) for 8 to 24 hours at 200 F while 
subjected to a deep vacuum before it 
is used. j ý 

la 


4 
11-27. REPAIRING CONDENSER 
AND RECEIVER 


When trouble is encountered with 
either a condenser ora receiver, it is 
usually cheaper to replace the unit than 
to repair it. This is also truein regard 
to the cooling unit unless the flooded 
system is used. Welding, brazing, or 
soldering is sometimes used to repair 
leaks in the system, but it requires 
careful work. If possible, all joints 
should be silver brazed to insure a 
lasting leak proof joint. 


11-28. REPAIRING COOLING UNIT 


In the flooded system the cooling 
unit trouble is most common in the 
float mechanism. It is recommended 
that this unit be replaced rather than 
a repair attempted. 

The coil itself may be injured in 
such a way as to leak. In this latter 
case repairs should be made with a 
or the work 


should be done with silver alloy. 


| however, 


It is necessary to point out here, 
that occasionally a service 
man will be led to believe that there is 
something seriously wrong with a part 
of the refrigerator when it is only 


| some very small part such as a clogged 
| screen or a pit in the needle valve seat. 


11-29. REPAIRING EXPANSION 
VALVE 


Four things likely to go wrong with 
an expansion valve are: the needle and 
seat becoming worn, a dirty screen, 


11-20. Replacement seals for conventional compressors. 
Seals of this type are also found on many new com- 
pressors. 


(Rotary Seal Co.) 
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11-21. A replacement seal. These units are available 


for most compressors. 


(Chicago Seal Co.) 
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leaky bellows, moisture accumulation 
on the outside of the bellows. Oc- 
casionally, one finds such trouble as a 
broken spring, etc., but it is rare and 
is easy to locate. A worn needle and 
seat is usually due to a lack of refrig- 
erant in the system. The refrigerant 
does not have a chance to condense be- 
fore it passes through the expansion 
valve orifice and this dry, hot gas cuts 
or erodes the needle and seat very 
rapidly. 

The best repair ofa needle Seat is to 
replace it with new parts. If replace- 
ments are not available, the needle 
must be reground or restoned in a 
lathe or drill press until the shoulder 
that has been worn into the needle 
surface disappears. It is very im- 
portant that the same taper be kept 
on this needle point. The seat, which 
is nearly always made of a softer 
metal than the needle, may usually be 
filed, with a dead smooth file, until the 
older surface against which the needle 
was seated has disappeared. The seat 
must be filed square at right angles to 
the center line of the needle. A file 
guide is best for this purpose. 

One may tap the new needle into 
the new seat during assembly of the 
valve and get good results. 

A leaky bellows is due either to 
breaking down of the soldered joint, 
or to a fracture in the bellows itself. 
It is a difficult thing to repair, without 
a special fixture to hold the parts. The 
correct thing to do is to replace the 
expansion valve. However, clever sold- 
ering may sometimes be done to re- 
pair the trouble. When soldering is 
done on an expansion valve, the bellows 
must be immersed in water to keep it 
cool, It is difficult to find the location 
of the leak in some particular in- 
stances, The following method will be 
found useful: Connect the expansion 
valve to a dry air line and build up a 
pressure of 10 to 15 pounds on the low 
side of the expansion valve by plugging 


the low side opening. Immerse the 
whole expansion valve in a quantity 
of oil or in some high flash paint 
solvent; the leaks will be indicated by 
bubbles. 

The matter of successfully cleaning 
a screen is quite important. Fine-mesh 
copper screens may be cleaned fairly 
successfully by combining air pressure 
and a safe solvent, too, but, the best 
way is by heating it. This must bevery 
carefully performed or the screen will 
be burned, It is important never to al- 
low an expansion valve to go into ser- 
vice without a screen being placed in 
the liquid line entrance. 

Moisture on the outside of the bel- 
lows is a result of air leaking into the 
housing surrounding the bellows and the 
natural condensation of the moisture in 
the air upon the cool surfaces. This 
moisture, when it freezes, binds the 
bellows and does not permit the expan- 
sion valve to operate at all, orpermits 
only very erratic operation. Washing 
this part with a moisture absorber re- 
moves the moisture and prevents the 
reoccurrence of the trouble. The ser- 
vice man may do three things: (1) Put 
a quantity of vaseline in this space 
which will not allow moisture to accu- 
mulate. (2) Put a quantity of glycerine 
in this chamber which will combine 
with any moisture that enters andform 
a non-freezing mixture. (3) Place a 
rubber cap over the open end to ex- 
clude the air. The rubber cap usually 
is adequate and is the most common 
practice. 

To test an expansion valve after it 
has been repaired, one may use the 
following system: Join the liquid line 
connection to a dry air line and create 
at least a 90-pound pressure at the 
expansion valve. Turn the adjusting 
nut in until the valve is opened and 
permits the air to come through; then 
turn it out again until air ceases to 
pass by the needle. To test this ac- 
curately, pour some refrigerant oil in 
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the cooling coil connection or low side 
opening of the expansion valve, If the 
valve is leaking, bubbles will be form- 
ed. No leak of any size should be per- 
mitted. ; 

Another way to test an’ expansion 
valve is to connect a/tompgund gauge 
into the low side of thé Valve and a 
high pressure line on the liquid line 
connection, 

With the air fed into the liquid line 
opening, an increase of the pressure 
on the compound gauge will indicate 
a leaking valve. 

If a hand needle valve is used inthe 
low pressure side opening in parallel 
to the gauge a definite amount of air 
can be released and one can tell if the 
expansion valve needle is sticking. Any 
variation of pressure at the compound 
gauge will show that the needle valve 
is leaking. See Fig. 11-22. 

The compound gauge will give the 
various low side pressures for the 
different adjustments and will also in- 
dicate if the valve is leaking. 

To test the bellows for leaks at 
this point, plug the low side opening 
of the expansion valve, then turn the 
adjusting screw inuntila positive pres- 
sure of at least 30 to 40 poundsis pro- 
duced on the inside of the bellows. Any 
leaks in the bellows willbe indicated by 
bubbles coming through the oil that one 
places over the adjusting screw open- 
ing of the valve. 


11-30. REPAIRING FLOAT VALVES 


The four things that most common- 
ly occur as troubles with low side float 
valves are: a leaky needle and seat, a 
clogged screen, a leaky float, and the 
float mechanism out of calibration. The 
needle and seat are repaired precisely 
as those of the expansionvalve explain- 
ed above. This also applies to the 
screen. 

It is a very difficult trouble-shoot- 
ing operation to locate a leaky float 


ball. A very small pin hole ina float 
will permit the refrigerant to enterthe 
interior of the float slowly and weigh 
it down. This will result in the needle 
being held open all the time. The best 
way to test a ball type float for a leak 
is to immerse it in very hot water. Do 
this very gradually so as not todisturb 
the water; the air on the inside of the 
ball on becoming heated will expand 
and come from any leak that may be 
existent in the ball. To solder a pin 
hole, the ball must be preheated. 

One of the most difficult repair 
jobs is the calibration of the float. By 
calibration is meant the level of the 
float needed to close the orifice. If the 
float level is too low, the unit will 
short-cycle in case of a pressure con- 
trol, or will give an unsatisfactory box 
temperature in case of a thermostatic 
control, because the area of evaporation 
of the refrigerant will be reduced. 

About the quickest way to test alow 
side float is to mount the floatinan al- 
most vertical position, just enough off 
vertical so that the float tends to keep 
the needle pressed lightly against the 
seat. Be very careful not to allow the 
float to lean over to one side. Connect 
the liquid line opening to a dry air line 
and build up a 90 pounds per square 
inch pressure in it. Put some refriger- 
ant oil around the needle and seat; the 
appearance of bubbles will indicate a 
leak. If the needle is leaking just a 
little, a light tap on the needle will 
sometimes seat it firmly in its seat 
and it will give satisfactory results. 
Remember, however, that this sart of 
repair should only be done in case one 
knows that the needle has no shoulder 
on it and that the seat is not too wide. 


11-31. REPAIRING HIGH SIDE 


FLOAT VALVES 


There are three principal types of 
high side float systems used in domes- 
tic refrigeration. The type that uses 
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the high side float located near the 
cooling unit has troubles very similar 
to the low side float mechanism, The 
only difference one must keep in mind 
is that the operation of the mechanism 
is opposite to the low side float. In the 
other type of high side float system, 
where the high side float is located in 
the liquid receiver, and where a weight 
check valve is used between the liquid 
line and the cooling unit, the following 
troubles may be incurred. (1) As for 
the float itself, the troubles are natur- 
ally similar to the low side float 
troubles and the methods of repair may 
be considered the same, (2) However, 
the weight check valve lends an addi- 
tional servicing problem. This valve 
may be either stuck open or stuck 
closed. In the first case a decided 
frosting of the liquid line will be the 
indication of trouble. If the needle is 
stuck closed, naturally one will get no 
refrigeration and a compound gauge will 
indicate a high vacuum on the lowside. 
Then if one cracks the fitting connect- 
ing the liquid line to the weight check 
valve and finds liquid refrigerant at 
this point, it will show that the weight 
check valve isthe trouble, These valves 
are very small and inexpensive and one 
should replace them as often as neces- 
sary; however, in case a new one can- 
not be obtained, these valves may be 
dismantled by either unsoldering or un- 
bolting them, and the repair of the 
needle and seat is similar to what has 
been explained above. To test this 
valve, it is best to try to force the 
air backward through the valve. Be 
very careful to keep the valve right side 


up. 


(3) High side floats are sometimes 
used with capillary tubes. This com- 
bination permits locating the high side 
float remote from the cooling unit and 
the capillary tube keeps the liquid from 
frosting. In addition to the regular float 
troubles, the capillary tube may be- 


come clogged or moisture may freeze 
it closed. 

One trouble encountered in the high 
side float is that overcharging will 
flood the low side with refrigerant, 
frosting the suction line and perhaps 
the compressor base. 


11-32. ASSEMBLING 
REFRIGERATING UNIT 


When the repairs have been made, 
and the parts, after a rigorous testing 
of them, are considered all right, the 
problem of assembling the apparatus 
to insure correct operation is very | 
important. Only a careful observance 
of certain fundamentals will make pos- 
sible an assembly which will assure 
an efficient running unit. The four 
fundamentals to be followed when in- 
stalling a part of arefrigerating mech- 
anism are: (1) Clean and dry the part 
to be put in the system. (2) Purge and 
evacuate that part of the system which 
has been opened. (3) Test for leaks. 
(4) Start and adjust the unit. 

If a compressor overhaul has just 
been completed, the installation of the 
compressor must be very carefully 
done or the repair job will be unsatis- 
factory. After bolting the compressor 
to the base and lining it up with the 
electric motor so that the belt is in- 
stalled properly, bolt the suction ser- 
vice valve and the discharge service 
valve to the compressor. Install the 
gauges or the gauge manifold gauges 
in the suction service valve, remove 
the plug on the discharge service valve, 
and exhaust the compressor to the out- 
side until a vacuum of 25 to 28 inches 
has been drawn upon the crankcase for 
several minutes. Care should be taken 
to guard properly against oil being 
thrown from the discharge service 
valve. If the compressor pumps oil, a 
cloth or sponge held over the discharge 
service valve opening is usually suffi- 
cient. In case a gauge manifold is used 
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the center opening should be led toa 
container with a 1/4 in. O,D. line. 
After a sufficient vacuum has been 


*drawn, the compressor should be heat- 


ed thoroughly with a torch in order to 
expel all traces of moisture and air. 
The temperature for this sheuld be up- 
wards of 200 F. Tocomplete the opera- 
tions of putting the compressor inser- 
vice, crack the suction service valve 
slightly and allow some refrigerant to 
escape into the crankcase untila 5 to 
30 pound pressure is obtained. Then 
test very carefully for leaks, Close 
the suction service valve completely 
and with the discharge service valve 
still closed, start the compressor and 
evacuate again to a 25 to 28 in. vacu- 
um. This evacuation should be to the 
open air of the room or piped tothe out- 
side and not discharged into the con- 
denser. The discharge service valveis 
turned all the way in during this opera- 
tion. 

After the second vacuum has been 
drawn, replace the high pressure gauge 
in the discharge service valve; open 
both the suction service valve and dis- 
charge service valve all the way out, 
but not far enough to close off the gauge 
openings. As this is done, it is a good 
policy to start the compressor again; 
otherwise there might be a flow of 
liquid refrigerant from the cooling unit 
to the crankcase of the compressor. 
This may cause a freezing condition 
when starting the compressor. The 
presence of liquid refrigerant may 
also cause pumping of oil which may 
break the compressor valves, 

Because it is virtually impossible 
to assemble a refrigerating mechan- 
ism in the field without having some 
foreign matter (dirt and moisture) get 
into the system, it is highly recom- 
mended that a dryer (Paragraph 20-42) 
be installed in the system. 

Leave the gauges attached to the 
mechanism until the expansion valve 
has been adjusted tothe correct operat- 


ing pressure and also check up on the 
condensing pressure which will tell 
whether the unit is working correctly. 
It is desirable that the gauges be left 
on for at least twenty-four hours, so 
any unusual trouble may be detected. 
This practice is usually not possible. 
In this event, a service call should be 
made within the next day or two to 
check on the operating pressures, and 
the general condition of the refrigera- 
tor. When available, temperature and 
pressure recorders may be connected 
into the system for 24 hours to guar- 
antee correct unit operation. 
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11-22, A method used to check an expansion valve for 
leaks and for pressure setting. 


INSTALLING COOLING 
UNIT 


11-33. 


In the event the cooling unit has 
been removed, several important things 
must be remembered during the as- 
sembly in order that the apparatus 
function properly. After bolting the 
cooling unit back into the refrigerator 
and leveling it, remove the plugs on 
the refrigerant openings and attach the 
liquid line and suction line to the cool- 
ing unit. Be very careful during these 
operations that no moisture enters the 
lines. It is good practice to dry the 
surfaces of the lines and cooling unit 
before removing these seals, 

If the cooling unit is of the dry sys- 
tem, the expansion valve should be in- 
stalled using a new gasket if it is of 
the bolted type. This ruling should be 
maintained on all refrigeration over- 
hauls because it is taking a foolish 
chance to use old gaskets when the in- 
stallation of new ones costs so little. 
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To continue with the installation, 
loosen the compressor end of the suc- 
tion line and crack the expansion valve 
allowing some refrigerant to escape 
forcing the air out of the cooling unit 
and suction line. The compressor end 
of the suction line should now be tight- 
ened. Another method is to evacuate the 
cooling unit, suction line, and compres- 
sor twice to the air; the trapped air 
will then be drawn out of the system. 
The discharge service valve must be 
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11-23. An illustration showing the compressor evacuat- 
ing both the liquid line and low pressure side to the 
open air. 


VLA VACUUM 


turned all the way in during the evacua- 
tion, and the gauge plug removed, Fig. 
11-23. Test for leaks with a 5 to25 psi 
pressure and test for leaks again at a 
200 to 225 psi before allowing the re- 
frigerant to escape into the unit. 

The cooling coil may be dehydrated 
more completely by heating it toa fair- 
ly high temperature of (175-200 F.) as 
it is evacuated to drive out any mois- 
ture that may be present. 


If a flooded system cooling unit 
equipped with service valves is used, 
bolt the valves to the unit, open the 
suction valve, and evacuate to the out- 
side. Crack the liquid line valve, test 
for leaks, and evacuate again. This will 
clean the system of air. Close the com- 
pressor exhaust opening, open the cool- 
ing unit liquid valve, and the unit is 
ready to operate, In a case in which 
the cooling unit is not equipped with 
valves, the liquid receiver service 
valve must be used as the purging 
valve. 


INSTALLING EXPANSION 
VALVE 


11-34. 


Mount the expansion valve and eva- 
cuate the liquid line, the cooling unit, 
and the suction line, Test for leaks 
carefully by purging and then evacuate 
again. Close the expansion valve, open 
the liquid receiver valve, start the 
compressor, and adjust the expansion 
valve to the correct low pressure, If 
the expansion valve is left open when 
the liquid receiver service valve is 
opened, the compressor crankcase will 
be flooded, lengthening the time of the 
service call unnecessarily. 


11-35. INSTALLING FLOAT 


VALVE 


Install the float valve, evacuate, 
purge, and then test for leaks. Evacu- 
ate again and then sealthe compressor, 
open the liquid receiver service valve 
and start the compressor. Be sure that 
there is some oil in the float valve or 
the float will not be adjusted right 
(one-quarter pint of oil is usually suf- 
ficient). 


11-36. SUMMARY OF 
REFRIGERATOR 
MECHANISM REPAIRING 


If the above instructions have been 
studied carefully, the student should 
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recognize the following important 
things: 

1, It is necessary to remove the 

* refrigerant from that part of the mech- 
anism to be overhauled/ s 

2. It is necessary to equalize pres- 
sures in the unit before,dismiantling or 
there will be a rush of air into the unit 
or of refrigerant out of the unit upon 
breaking the lines. 

3. It is necessary to plug all re- 
frigerant openings immediately after 
dismantling. 

4, It is necessary to put in new 
gaskets wherever they are used. 

5. It is necessary, upon reassem- 
bling, to remove all the air and mois- 
ture from the lines and whatever part 
that has been open to the air; this may 
be done both by evacuating and purging. 

6. To remove any part of the sys- 
tem it necessitates the closing the clos- 
est valve between that unit and the li- 
quid receiver tank, and evacuating the 
unit by means of the compressor into 
the condenser and liquid receiver tank. 
If more than one method is available 

_ to do the operation, the best one natur- 

ally is the one that can be done in the 
shortest possible time because linger- 
ing on the job only adds to the incon- 
venience of the people in the residence 
where the work is being done. Always 
remove any tedious task to the shop to 
be worked on and, in the meantime, 
replace the unit with a temporary unit 
in order that the owners may still have 
the use of their refrigerator. 


11-37. TESTING FOR LEAKS 


After any installation, or the re- 
placement of any part of the refrigera- 
tor circuit, it is absolutely necessary 
that a very rigid test be made of all 
the joints to make sure that they are 
leak-proof. The methods of testing for 
leaks vary with the different refriger- 
ants used. However, they are common 
in this respect: a positive pressure 


(greater than atmospheric) of from 5to 
30 pounds is necessary throughout the 
circuit in order that one may test for 
leaks. 


11-38. TESTING FOR SULPHUR 
DIOXIDE LEAKS 


A very efficient test for a sulphur 
dioxide leak is an ammonia swab, that 
is, a small piece of ammonia-soaked 
cloth fastened to the end of a stick. The 
ammonia must be quite strong, the 
minimum strength being 26 per cent. 
This is stronger than household am- 
monia and one may obtain it at the 
refrigeration wholesale house or ata 
local drug store. Place this swab ad- 
jacent to joints or places where leaks 
may occur; if there is a leak, it will be 
made noticeable by a thick white smoke 
forming at the joint. BE VERY CARE- 
FUL NOT TO TOUCH THE METAL 
WITH THE AMMONIA AS IT WILL 
CORRODE THE FITTINGS, 

The neatest method is a double 
pressure test especially if the testing 
is being done in the owner’s home. 
First, produce a pressure of 3 to 5 
pounds throughout the low pressure side 
of the system and test for leaks. If one 
is present this low pressure willcause 
the escape of very little refrigerant be- 
fore the leak is detected. Increase the 
pressure up to 30 pounds and test 
again, Occasionally a leak is found at 
this higher pressure which is. not de- 
tectable at the lower pressure. If the 
service man were to test immediately 
30 pounds pressure, there might be such 
a bad leak present that the entire room 
would become filled with the refriger- 
ant before he had a chance to stop it 
and it would also cause the leak of so 
much of the refrigerant that the exact 
source would be hard to detect. The 
final test for leaks should be done at 
100 to 200 psi. 


The American Society of Refriger- 
ating Engineers intheir American Code 
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specify test pressures forall refriger- 
ants {Chapter 29). It is recommended 
that the service man follow these pres- 
sure test standards. 


11-39. TESTING FOR METHYL 
CHLORIDE AND 
ISO-BUTANE LEAKS 


If the refrigerator uses methyl 
chloride, the method of finding a leak 
is quite different. First, all the grease 
and oil must be removed from the joint 
suspected of leaking; then, usingavery 
thick soap suds and water solution or 
oil, test all around the joint for a leak. 
If bubbles are formed, refrigerant is 
escaping. In case the unit under test 
is not hooked to the refrigerating cir- 
cuit, it may be tested by submerging 
it in a water bath after it is put under 
a thirty or forty pound pressure. That 
is, a test similar to testing leaky auto- 
mobile inner tubes may be used. A 
small mirror and a flash light may be 
used to inspect inaccessible places. 

Test all joints carefully because 
even a minute leak will cause a com- 
plete loss of the refrigerant in a rela- 
tively short period. The halide lamp is 


11-24. A halide torch used for testing for leaks. Note 
the small acetylene cylinder, (A) the handle, (D) the air 
intake, (C) and the shielded copper element (B). 
(Linde Air Products Co.) 


not recommended for testing for methyl 
chloride leaks as the gas is explosive 
in some concentrations. 


11-40. TESTING FOR AMMONIA 
LEAKS 


In the ammonia system, such asthe 
absorption type, two methods for test- 
ing leaks may be used. Oneisasulphur 
candle whose flame will give a very 
thick, white smoke if it comes in con- 
tact with leaking ammonia, and the 
other is to test with moist phenolphtha- 
lein paper, which will change its color 
instantly upon coming in contact with 
ammonia. Both of these tests are very 
rapid, convenient, and accurate. The 
paper method is safer. 


TESTING FOR FREON, 
CARRENE, AND ETHYL 
CHLORIDE LEAKS 
(HALIDE TORCH) 


11-41. 


To test Freon (F-12) F. 22, Car- 
rene, or ethyl chloride, for leaks, a 
good method has been devised, but it 
requires special equipment. It is an 
alcohol (halide) torch with a long air 
intake tube. With this alcohol torch ig- 
nited, pass the intake tube nearthe dif- 
ferent joints. If some gas is leaking out 
it will go up the intake tube to the 
flame and give forth a brilliant green 
hue, a sure indication of a gas leak. A 
halide torch should be filled with al- 
cohol and pumped up with air out-of- 
doors or in a room in which there is 
no possible chance of gaseous refriger= 
ant being present; otherwise, if some 
refrigerant were pumped into the torch 
in charging it, it would give a continu- 
ous indication of the presence of aleak 
and would therefore be of no use inde- 
tecting leaksina refrigeration mechan- 
ism. The alcohol used must be excep- 
tionally clean as the small liquid pass- 
ages are very small. To light one of 
these torches, the flame chamber must 
be preheated and the air intake tube 
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opening stopped with one finger until 
the flame is burning well. 

The halide leak detection may also 
use natural gas, acetylene, or propane 
as the fuel. Fig. 11-24 shows a halide 
leak detector using acetylene as the 
fuel. These gases may, alse be tested 
for leaks by the soap solution method 
or by immersion in water, 

The most sensitive leak detecter is 


the electronic leak detecter, Fig.ll - 25, 


It measures the electronic resistance 
of gas samples and if the refrigerantis 
in the air sample being tested the cur- 
rent flow changes. The change. in cur- 
rent flow indicates ona milliammeter 
or rings a bell. 


11-42. CHARGING 
REFRIGERATOR 


All of the conventional compressor 
type refrigerators are charged with 
refrigerant in the same general way. 
The easiest and most used method is 
to charge into the low side ofthecycle. 
This may be done as follows: Turn the 
suction service valve until the gauge 
opening is closed. Clean the valve, re- 
move the gauge plug, install a T fitting 
in the service valve and fasten a low 
pressure gauge to the fitting. Attacha 
line from a charged refrigerant cylin- 
der to the other opening of the tee fit- 
ting. A gauge manifold may also be 
used for this operation. 

A horizontal tubing must be used 
here which should be at least 4 feet 
long in order to permit accurate weigh- 
ing ofthe refrigerant. Fig. 11-26. Purge 
this line as follows: leave the fittings 
at the suction service valve end of the 
line loose, crack the cylinder valve, 
and the escaping refrigerant will re- 
move the air from the line after which 
the joint may be tightened. TEST FOR 
LEAKS, Turn the suction service valve 
all the way in, so the suction service 
line is closed. Place the refrigerant 


cylinder on a scale in order that the 
quantity of refrigerant removed from 


11-25. An electronic leak detector. 
(General Electric Co.) 


it may be weighed. The cylinder must 
be held in an upright position while dis- 


11-26. An illustration showing a setup for charging 
refrigerant into the low pressure side of a system. Note 
the provision for weighing the refrigerant. 
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charging into the compressor. Start the 
compressor, and operate it until enough 
refrigerant has been removed fromthe 
cylinder into the unit. Control the low 
side pressure by opening and closing 
the cylinder valve. Always keep the 
pressure above a vacuum. The cylinder 
may have to be warmed with hot water 
to maintain a positive pressure. Never 
use a torch as overheated cylinders 
may explode. Close the cylinder valve 
and stop the compressor after the 
scales show that enough refrigerant 
has been added. 

Remove the cylinder by turning the 
suction service valve all the way out so 
the gauge opening is closed and remove 
the line. The pressure inthe line should 
be balanced before opening the lines. 
Install a compound and a highpressure 
gauge and start up the unit. The gauges 
will indicate whether the unit is opera- 
ting correctly or not. Adjust the pres- 
sures and test for leaks, Then remove 
the gauges, install the plugs, and the 
refrigerator is ready for use. The use 
of a gauge manifold saves considerable 
time on this job. 

Another method of charging a re- 
frigerator is to attach the line fromthe 
charged cylinder to the gauge manifold 
opening of the discharge service valve 
and to drive the refrigerant out of the 
cylinder by increasing the pressure in 
the cylinder above the pressure in the 
system. THE CYLINDER MUST BE 
INVERTED. 

A pressure can be built up in the 
refrigerant cylinder by turning the dis- 
charging service valve all the way in 
with the suction service valve openand 
running the unit. This will build upa 
high pressure in the cylinder while the 
condenser is cooling. Stop the com- 
pressor, then turn the discharge ser- 
vice valve out a few turns. The pres- 
sure will force the liquid into the con- 
denser and liquid receiver. Some ser- 
vice men create this pressure by heat- 
ing the cylinder. THIS PRACTICE IS 


NOT RECOMMENDED. 

Many service men are using dis- 
posable refrigerant cylinders for ser- 
vice operations. These cylinders insure 
clean, anddry refrigerant and eliminate 
the need to transfer from largercylin- 
ders to small ones, Fig. 11-27. 


11-43. REMOVING AIR FROM 
CONDENSER 


After charging the refrigerator me- 
chanism it is well to go back in a day 


Charg-4-Can 
FUAAGED REFRIGERA® 


Charg-A-Can 


11-27. Disposable containers for refrigerants. These 
factory charged containers insure clean and dry re- 
frigerants. 

(Eston Chemicals Div.) 


or so andcheck the operating pressures 
again, because there is a chance that 
air may have leaked into the system. 
Air in the system will be indicated by 
an above normal head pressure even 
after the unit has cooled down. It may 
be removed by cracking the gauge open- 
ing on the discharge service valve while 
the unit is idle. 

A tube fastened to the gauge opening 
should be led out-of-doors to avoid re- 
leasing the fumes in the house. A purge 
of 10 to 15 seconds will be of sufficient 
duration to remove the air if the con- 
denser is cold. This complete removal 
is possible because the air is non-con- 
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densable; therefore it will collect inthe 
top of the condenser as the lower end 
is sealed with liquid refrigerant, Ifitis 
An irritant gas, the purging line should 
be run outdoors or into a sewer and 


washed down with running water: 
= 


= oe s 


11-44. TRANSFERRING 
REFRIGERANTS 


It is good economy to purchase re- 
frigerants in 50-lb. and 100-lb, quan- 
tities. This practice however, neces- 
sitates the transferring of the refriger- 
ant from the large cylinders to small 
5-lb. cylinders used by service men. 
The transfer of the refrigerant may be 
done as follows: Invert the large drum 
in a special stand and connect it toa 
small drum with a horizontal tubing at 
least four feet long. Purge this line and 
then open both valves after placing the 
small cylinder on a weighing scale. 
When the smallcylinderis charged with 
the correct amount as indicated on the 
scales, close the valve on the large cy- 
linder and then carefully heat the line. 
This will force the liquid out of the 
line. Next, close the valve on the small 
cylinder. Never allow the line to be- 
come more than warm to the hand. 

A charging board is the most ac- 
curate means of transferring refriger- 

-ant. An important safety precaution 
needs to be taken. When transferring 
refrigerant from a storage cylinder to 
a service cylinder, never fill aservice 
cylinder completely full of liquid re- 
frigerant. This is particularly danger- 
ous in cold weather since liquid re- 
frigerant expands andcontracts greatly 
with a change in temperature. If aser- 
vice cylinder is filled completely full of 
cold liquid refrigerant and then brought 
into a warm room, the liquid tends to 
expand and the resulting increase in 
hydrostatic pressure will burst the 
service cylinder with possible serious 
consequences, 


— a 


11-45. DISCHARGING 
REFRIGERATOR UNIT 
(REMOVING ALL THE 
REFRIGERANT) 


To discharge arefrigerator,a me- 
thod is used similar to removing the re- 
frigerant from the condenser and liquid 
receiver which has been explained pre- 
viously in this Chapter. It simply con- 
sists of fastening an empty or a partial- 
ly empty refrigerant cylinder to the 
gauge opening of the discharge service 
valve and turning the discharge service 
valve all the way in to close the dis- 
charge line. Test for leaks. The com- 
pressor is then started which pumps 
the refrigerant intothe cylinderinstead 
of into the condenser. This operationis 
speeded up by keeping the cylinder part- 
ly submerged in cool water, because the 
gases must condense in the cylinder in 
order that the refrigerant be pumped 
out. Do not let the unit pump oil as 
this will make the refrigerant unusable. 

Another method is to attach the cy- 
linder line to the discharge service 
valve and then heat the unit until the re- 
frigerant has evaporated from the unit 
and condensed in the cylinder. 

Small quantities of refrigerant are 
best discarded unless a means of dis- 
tilling is available. 


11-46. CARE OF SERVICE VALVES 


Practically all service valves are 
equipped with steel stems, which have 
a tendency to rust and stick inthe valve 
gland, A very good method of prevent- 
ing this corrosion is to fill the valve 
body with refrigerant oil before replac- 
ing the plug each time the service valve 
is used. This oil, of course, should 
be the specified refrigerant oil for that 
machine, This precaution is especially 
recommended for moist, damp loca- 
tions, 

Before turning the valve stem to any 
position it is always advisable first to 
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loosen the packing nut that is used asa 
seal around it. This can be done by 
loosening the large packing nut a half 
turn or so. When turning the valve stem 
it is always best that a very steady 
pressure be applied to the wrench and 
that the wrench fit the stem well. Ifa 
sudden, jerky motion is used, or if the 
palm of the hand is used to strike the 
wrench turning the valve stem, thereis 
a likelihood that the stem willbe twist- 
ed off, necessitating replacing the ser- 
vice valve, 

In case a servicevalveis ‘‘frozen,’’ 
or stuck, it may be loosened by heating 
the body of the valve and tapping onthe 
valve stem. 


Pannen k á j 
= a 
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11-28. A pinch-off tool for closing refrigerant lines in 

cases of emergency or if the service valves are broken. 

A. For pinching the tubing; B. For reopening the tubing. 
(Duro Metal Products Co.) 


When cracking the valve, always use 
a fixed wrench, that is, not a ratchet 
wrench; this is so the valve may be 
quickly closed again if desired. 

Occasionally a service valve will 
be found in such bad condition as to be 
useless. In this case, one can close off 
the flow of refrigerant with a finish off 
tool, replace the valve, and then remove 
the finish from the line with the same 
tool, Fig. 11-28. 


11-47. ADDING OIL TO SYSTEM 


When a compressor runs too warm 
or is noisy and it is determined that it 
is due to a lack.of refrigerant oil, there 
are several methods used to add oil. 
The most rapid method is to attach tub- 
ing equipped with a hand valve to the 
low side, that is, to the suctionservice 


valve, and after purging the tubing im- 
merse it in a glass (clean, dry) jar 
nearly filled with refrigerant oil. Then 
run the compressor, and after drawing 
a vacuum on the low side by turning the 
suction service valve all the way in, 
crack the tubing hand valve; the oil will 
be drawn into the crankcase. Fig. 11- 
12. It is very important that some of the 
oil in the glass container be left in the 
container so the filling tube is 
always immersed in the oil, otherwise 
air will be drawn into the system 
and cause trouble. The reason a glass 
container is used is to enable the 
service man to observe how much 
oil has been added to the unit. It 
is a safe policy never to add morethan 
a quarter of a pint of oilata time to the 
smaller units. If a gauge manifold is 
used, the tube feed line will not needa 
hand valve. 

Another method of adding oil to the 
system is to evacuate the crankcase; 
then equalize the pressures, remove 
the oil plug of the crankcase housing, 
and add the oil. Replace the oil plug and 
evacuate the compressor to the air or 
into a lye solution (if it is an SO9 sys- 
tem) until all the air that may have 
seeped in is removed. 

The oil can also be forced into the 
system by putting the oil in a service 
cylinder first (draw in by using an 
evacuated cylinder.) Then build up a 
pressure in the cylinder with refriger- 
ant gas through the gauge manifold. 
Invert the cylinder and by using the 
low side valves the oil can be forced 
into the compressor, 

It is important that all parts ina 
refrigerating system be absolutely 
clean prior to installation in the sys- 
tem. One should never breathe fumes 
of any kind. Do not neglect the use of 
the gas mask when working in any re- 
frigerant laden atmosphere. This safe- 
ty device applies to cleansing bath 
fumes, soldering fumes, brazing fumes, 
welding fumes, and the like, It is true 
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that one’s body can and will dissipate 
certain amounts of strange chemicals 
and fumes but some chemicals and 
fumes accumulate in the body and there 
may be an effect not felt for years. 
GOOD VENTILATION IS OF VITAL 
IMPORTANCE, z P> 


T AER 


11-48. CLEANING PARTS 


Many means have beenused to clean 
parts of a refrigerator. Each method 
has its advantages. The cleaner should 
be a good moisture absorber, it should 
clean off oil and grease, it should be 
non-toxic, non-flammable and it should 
evaporate quickly. 

Carbon tetrachloride is an excellent 
cleaner but is dangerously toxic. 
Therefore, it must always be used in 
such a way that people will never 
breathe its fumes. Even breathing small 
quantities of vapors may accumulate in 
the body and cause illnesses. 

Hand wire brushes, power wire 
brushes are excellent ways to remove 
scale and crusted dirt, but grease and 
oil should be removed first. 

Mineral spirits, a kerosene like 
liquid has excellent cleaning qualities 
but it is quite flammable. It must al- 
ways be used in a well ventilated place. 
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11-29. Speed coupling used on charging and purging 
lines. A synthetic rubber gasket produces a leak proof 
joint when the connection is tightened. 


(Wabash Corp.) 


It should be used in small quantities 
away from any source of ignition such 
as flames, electrical sparks, friction 


sparks, and the like. It must be kept 
in sealed containers and in containers 
that will automatically close in case of 
a fire, Paragraph 12-26, 


11-49. MISCELLANEOUS SERVICE 
NOTES 


Pinching lines is a practice to be 
used in cases of emergency only. Many 
service men follow this practice need- 
lessly andit only leads to future trouble. 
Almost all the systems are provided 
with sufficient valves to service them. 
One must remember that adding refrig- 
erant to a system means that some of 
the oil in the system will be dissolved 
in the refrigerant; if a unit becomes 
noisy soon after the refrigerant has 
been added, some refrigerant oil should 
be added. Electric motors, when in- 
stalled, should have soldered leads; the 
motor must be very carefully aligned 
with the compressor, andthe belt tight- 
ness should be just right. 


11-50. LOCATING TROUBLES 


The methods of testing used to locate 
the sources of trouble are all based on 
the operating principles of the mechan- 
ism. By checking the pressures, the 
temperatures, the running time, etc., 
one is soon able to isolate or pick out 
that part of the system which is giving 
trouble. 

Naturally the service man must have 
a thorough knowledge of the fundamen- 
tals of refrigeration and of the cycles 
before he can become a reliable and 
competent trouble tracer and repairer, 
It is obvious that one must locate the 
trouble in a refrigerator mechanism 
before dismantling it in order to keep 
the cost of servicing at a minimum and 
to make sure that the repair work is 
going to enable proper functioning of 
the mechanism after assembly. 

The methods of locating troubles 
naturally vary with the type of thesys- 
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tem, that is, with the direct expansion, 
with the low side float, with the high 
side float or with the capillary tube. The 
call for service should give the first 
indication of what the trouble will be; 
the owner will probably say that there 
is an odor, that it costs too much to 
operate it, that it is not freezing but is 
running continuously, or it is freezing 
but running continuously, etc. From 
these trouble calls the service man 
may usually get a pointer as to what 
the trouble is, but he should always 
verify these statements by checking 
over the refrigerator before attempting 
any trouble shooting or service work. 

The method of trouble tracing is 
best learned and is best adapted to 
practical work by first classifying the 
type of service call and thendetermin- 
ing what caused the trouble named in 
the service call. Therefore, the follow- 
ing trouble shooting pointers have been 
prepared to help the service man. 
Naturally, it is impossible to give every 
detail, but once the service manlearns 
the method of trouble tracing he should 
have no difficulty. 

A service man should check all of 
the following things ina refrigerating 
mechanism before coming to a conclu- 
sion as to the trouble. 

1. The low side pressure 

2. The high side pressure 

3. The temperature of the cooling 

unit 

4. The temperatures of the liquid 

line and of the suction line 

5. The sound of the refrigerant 

control (float valve or expansion 


valve) 

6. The running time of the mechan- 
ism 

7. The probability of leaks 

8. Noise. 


There are several basic fundamen- 
tals that help make locating trouble 
easier, When there is poor refrigera- 
tion, or no refrigeration, either one or 


both of two things can be wrong: 

1. There is no refrigerant, or very 

little refrigerant. 

2. The pump is not moving the re- 

frigerant. 

If there is no refrigerant, there will 
be no liquid refrigerant in the cooling 
unit. A lack of refrigerant means that 
the refrigerant has leaked out, or it is 
being held in a certain part of the sys- 
tem by clogged needles, clogged 
screens, pinched lines, etc. This clog- 
ging condition will cause a high vacuum 
reading on the low side. If thereisa 
lack of refrigerant there willbe a hiss- 
ing sound at the refrigerant control 
which will indicate the refrigerant 
passages are not closed. 

A hissing sound at the refrigerant 
control always indicates a lack of re- 
frigerant because the dry gas going 
through the restriction will cause the 
gas noise. 

If the pump is not functioning, the 
low side pressure will be above normal 
and the condenser and discharge line 
from the compressor will be below 
normal temperature. 


LITTLE OR NO 
REFRIGERATION AND UNIT 
RUNS CONTINUOUSLY 


11-51. 


A. Direct Expansion System 


If the unit has lost all the refriger- 
ant, there is naturally no refrigeration; 
to test for this, install the gauges and 
determine the evaporating or low side 
pressure, If this pressure is correct, 
the only possible trouble is that the unit 
has little or no refrigerant. If the com- 
pound gauge indicates a high vacuum, 
20 inches or more, it means that the 
expansion valve is either so adjusted 
that it draws this vacuum it is frozen 
closed, or it has a clogged screen. 

A clogged unit can be caused by 
moisture freezing at the refrigerant 
control and stopping the flow of re- 
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frigerant. The results are the same as 
a stuck closed needle or a clogged 
screen except that after the system 
warms above 32 F. at the valve this 
ice will melt, and normal refrigeration 
starts again. The only sureture for the 
moisture condition ¥s to remove the 
moisture with a desicéant or dryer. If 
one suspects that moisture in the valve 
has caused the clogging, heat the valve 
with a torch. 

This moisture problem occurs with 
all refrigerants that do not chemically 
combine with the water, as for ex- 
ample: the Freons, methyl chloride, 
etc. A high vacuum may also be caused 
by a suction service valve being shut 
off or by aclogged or restricted suction 
line fitting. In either case it is not al- 
lowing refrigerant to flow through it, 
and there will be no refrigerant on the 
low side which naturally gives continu- 
ous running with little or no refrigera-~ 
tion on a temperature controlled unit. 
This trouble will not be encountered on 
a pressure-controlled unit. 

If the compound pressure gauge 
shows a high pressure on the low side, 
that is, a pressure which will notallow 
the refrigerant to evaporate at a low 
temperature, the trouble may be a 
stuck-open expansion valve or one that 
is out of adjustment. This trouble will 
have an additional indication ofa frost- 
ed or sweating suction line because it 
simply means that the refrigerant is 
going into the low side too fast and the 
liquid will flood both the cooling unit 
and the suction line. This high pressure 
may also be due to an inefficient com- 
pressor. Of course, this trouble may 
also be due to a broken belt or a 
sheared flywheel key, but these will 
naturally be detected on the first in- 
spection of the unit. If the expansion 
valve is stuck open, it may be due to 
dirt on the needle. To remedy, one 
may flush the valve by turning the ad- 
justing screw in and then alternately 
opening and closing the liquid receiver 


service valve, causing surges of liquid 
past the expansion valve needle, there- 
by cleaning it. 


B. The Low Pressure Side Float Sys- 
tem (Flooded). 


If the compound gauge indicates a 
high vacuum, it may be due either toa 
frozen closed needle valve, or toa re- 
stricted suction or liquid line (clogged 
screen). To determine whether itis a 
frozen needle valve or a lack of re- 
frigerant: 

1, Stop the compressor after in- 
stalling the gauges and notice the ac- 
tion of the compound gauge. Ifitcreeps 
up very rapidly to almost the pressure 
on the high pressure side, it indicates 
that the needle valve is open; therefore, 
there is a lack of refrigerant; but if 
the pressures do not tend to equalize, 
it means that the needle valve is stuck 
closed or that the suction line or liquid 
line has become clogged. The valve will 
also have a steady hissing sound while 
the unit is running. 

If the needle is stuck closed, a sud- 
den jar may loosen it. Use a rubber 
hammer or shake the cooling unit. 

In case there is a lack of refriger- 
ant put back into the system enough re- 
frigerant until the hissing sound stops 
and the head pressure is normal, 

2. If the compound gauge indicates a 
high pressure, it may be due toaslight 
lack of refrigerant, a stuck-open needle 
valve, or an inefficient compressor. 

It is best first to eliminate the com- 
pressor by testing its efficiency and 
then determine whether there is a 
stuck-open needle valve or a lack of 
refrigerant. To do this, flush the needle 
valve by shutting off the liquid receiver 
service valve and running the unitfora 
few minutes. Then open the liquid re- 
ceiver service valve very rapidly. Al- 
low a rapid flow of refrigerant through 
the needle valve orifice which may 
wash out any dirt particles on the needle 
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valve seat. If this does not cure the 
trouble, charge the refrigerator with 
some refrigerant and see if that will 
cure the trouble. If this does not, it 
means that the cooling unit must be 
dismantled. 

A rather accurate check as to 
whether it is a lack of refrigerant or 
a stuck-open needle valve is the frost- 
ing of the suction line. If the line frosts 
back excessively it means that thereis 
liquid refrigerant in the suction line 
caused by too much refrigerant in the 
cooling unit, as the result of a leaky 
needle, etc. If the suction pressure is 
too high, this indicates an open needle 
valve. To check for an open needle 
valve the compound gauge willcreepup 
rapidly as soon as the unit is stopped 
because the high pressure tends to 
equalize rapidly through the needle 
valve. A lack of refrigerant will not 
frost the suction line. Both of these 
troubles will give a continuous hiss- 
ing sound in the cooling unit although 
the lack of refrigerant sound is at a 
higher pitch. Of course, this may also 
mean an inefficient compressor, but 
that is easily checked. 

A lack of refrigerant in most sys- 
tems using low side floats, high side 
float, or expansion valves, causes the 
refrigerant to go through the liquid 
line before it has completely condensed. 
This gas is therefore warm and one can 
detect this condition by feeling the 
liquid line. If the line is warmer than 
room temperature, a lack of refrigerant 
is indicated (air cooled systems only), 

Short cycling of the mechanism, that 
is, the unit shutting down for only a 
minute or two at a time is indicative 
of a rapid pressure rise in the low 
side, This is particularly true on the 
older units which use a pressure con- 
trol. 


C. High Pressure Side Float (Flooded), 


If the compound gauge indicates a 


very low pressure, it means a lack of 
refrigerant or a stuck-shut floatvalve. 
The lack of refrigerant may be checked 
by watching the pressure gauge pres- 
sure when the unit shuts down, for if 
the high pressure reading is below 
normal it means that there is a lack of 
refrigerant; but if the pressure gauge 
maintains a standard pressure for 
room temperature it means that the 
valve is stuck-shut. Another test is to 
shake the float chamber and ifitisa 
stuck-shut needle, this shaking may 
break it loose. A clogged screen will 
also give the above results. If the 
compound gauge indicates a high evap- 
orator pressure, it is due to a leaky 
float valve or an inefficient compres- 
sor. The compressor may be easily 
checked for inefficiency. A high head 
pressure will indicate air in the sys- 
tem or restricted cooling, whereas a 
lack of refrigerant will give a head 
pressure below normal. A high side 
float system must be purged occasion- 
ally because a high head pressure, due 
to air in the system, hinders correct 
operation of the float. The head pres- 
sure of the unit may be easily checked 
as follows: for an air-cooled unit the 
refrigerant will be 30 F.-35 F. warm- 
er than the room if the compressor is 
pumping. By using the refrigerant chart 
the correct pressure may be deter- 
mined, 

An excessively high head pressure 
may cause the high side float to col- 
lapse. This causes the float to lose its 
buoyancy and the high side float needle 
will. tend to remain closed at alltimes. 
Such a trouble will be indicated by too 
low a low side pressure andacomplete 
lack of refrigeration. 


D, Capillary Tube 


If the capillary tube is partially 
clogged, completely clogged, if there 
is moisture frozen in the tube, or if 
the screen is clogged, no refrigerant 
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can pass into the cooling coil. This 
stoppage of flow will give a high vacu- 
um reading and a normal or high head 
pressure, If it is a lack of refrigerant, 
the capillary tube will be noisy and the 
low and high side pressures will be be- 
low normal. z w 

An inefficient pump Will be indicated 
by an above-normal low side pressure 
and a normal or below-normal head 
pressure, 


11-52. NO REFRIGERATION; UNIT 
DOES NOT RUN 


The first trouble, and probably the 
most frequent one, is a blown fuse 
somewhere in the circuit, which may 
be easily checked with a trouble lamp 
and repaired by inserting a new fuse. 
Also, the power may be shut off, which 
may be easily checked by usingatrouble 
light; or the motor may be burned out. 
An ineffective temperature control, 
such as a leaky power element, which 
may be checked as described in Chap- 
ter 5, is also a cause of the motor not 
starting. The manual switch on the 
temperature control may be in the off 
position or the overload circuit break- 
er may be in the off position. On those 
units using a low pressure control for 
the motor, the trouble may be due toa 
stuck-shut needle valveinthe refriger- 
ant circuit which would naturally draw 
a very high vacuum on the suction side. 
This pressure will not creep up again 
as it would normally, due to a lack of 
refrigerant in the low pressure side of 
the system causing the pressure control 
to keep the electric motor disconnected 
continuously. 


11-53. MOTOR RUNNING 
CONTINUOUSLY AND 
NORMAL OR TOO MUCH 
REFRIGERATION 


This trouble is due, usually, to a 
faulty temperature motor control which 


will not cut out at the correct temper- 
ature. It must be remembered that 
there is a correlation between the tem- 
perature control cut-out point and the 
evaporating pressure on the low side. 
If the temperature control is adjusted 
to cut out ata temperature correspond- 
ing to a pressure lower than the eva- 
porating pressure, the thermostat can- 
not stop the electric motor. 


A. Direct Expansion System. 


If there is an undercharge of re- 
frigerant in the system there may be 
just enough to fill the evaporator or 
cooling unit partially, but not enoughto 
extend to the temperature control cut- 
out point and shut down the unit. Inthis 
way one may get normal refrigeration, 
but the unit will never shut down, This 
trouble may be detected by checking the 
frost accumulations on the exhaust tub- 
ing of the cooling unit and seeing if it 
reaches as far as the temperature con- 
trol. A shortage of refrigerant is also 
indicated by a warm liquid receiver and 
liquid line. 


Trouble may also be caused by an 
overcharge of refrigerant or the pres- 
ence of air in the condenser, because 
excessive head pressures decrease the 
efficiency of the compressor to such 
an extent that continuous operation is 
the result. 

A leaky expansion valve will some- 
times give normal refrigeration, but 
will not allow the pressure to drop to 
such an extent that the temperature 
control will cut out the motor, An im- 
properly adjusted expansion valve will 
also give this trouble, This will result 
in a frosted suction line, and an above 
normal and fluctuating low side pres- 
sure, 

An inefficient compressor may also 
be the cause. All these may be checked 
by the use of gauges. The expansion 
valve troubles and the compressor 
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troubles may be checked.as mentioned 
previously. 


B. Low Pressure Side Float (Flooded). 


An undercharge or overcharge of 
refrigerant will give the above trouble. 
An inefficient compressor, excessive 
head pressure due to air inthe system, 
a restricted condenser, an overcharge 
of refrigerant, or a suction pressure 
which is not low enough to cut out the 
temperature control may give refriger- 
ation but run continuously. This may 
also be due to a leaky needle valve or 
lack of refrigerant. 

A leaky needle will cause a frost 
back and it will hiss or gurgle continu- 
ously. A lack of refrigerant will hiss 
continuously, but it will never more 
than sweat back. Also the liquid line 
will be warmer than normal in the 
latter case, 


C. High Pressure Side Float (Flooded). 


This system is very sensitive tothe 
quantity of refrigerant in the system. 
Any variation inthis quantity will result 
in faulty refrigeration. Too little re- 
frigerant will result in lack of sufficient 
liquid refrigerant inthe cooling coil and 
too low suction pressure. Too much 
refrigerant will result in a flooded 
unit, a too high suction pressure, and 
a frosting of the suction line caused by 
liquid refrigerant. An inefficient com- 
pressor will result in insufficient re- 
frigeration. 


D. Capillary tube. 


In many respects the capillary tube 
System behaves like the high side float 
system. If there is too much refriger- 
ant in the system, the excess liquid 
will collect on the low side and may 
enter the suction line. This excess may 
prevent the compressor from produc- 
ing a low enough pressure to operate 


the thermostat. Therefore, the unit will 
run continuously and will produce either 
a normal refrigeration effect or, more 
likely it may cause excessive refriger- 
ation. A slight lack of refrigeration 
will cause only a partially frosted cool- 
ing coil and the frosted part may not be 
close enough to the thermostat to cause 
it to shut the motor off, 


11-54. SHORT CYCLING 


By short cycling is meant that the 
unit runs and then stops every few 
minutes. This trouble may be due toa 
rapid pressure rise on the low side of 
the system caused by a leak at the 
float valve or expansion valve. This 
leak will also cause a frosting of the 
suction line. 

Most units are equipped with an 
overload device in the electrical unit. 
If the motor becomes too hot or if the 
motor consumes too much current, 
these safety devices willstopthe motor 
and then restart it after they cool. 

Occasionally, in those systems 
which use a brine tank, a loss of the 
brine will cause a short cycle because 
of the rapid heat interchange. A tem- 
perature control which is out of ad- 
justment, that is, one with avery small 
differential will also cause a short 
cycle. 

If the refrigerator has a pressure 
motor control, short cycling may be 
caused by either a leak in the float 
valve or poorly seated compressor 
valves. In either case the pressure 
on the low side will rise rapidly dur- 
ing the off part of the cycle causing 
the motor to start. 

Machines equipped with a high side 
pressure safety control will sometimes 
Short cycle if the condensing pressure 
becomes too high because of a high 
condensing temperature. 


11-55. NOISY UNIT 


There are three principal sources 
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of noise: the compressor, the electric 
motor, and the mounting of the com- 
plete condensing unit. A compressoris 
noisy when the valves, the piston pin, 
the connecting rod, and piston have be- 
come worn or if it pumps oil. Some- 
times when the compressor gets very 
warm, it will develop knocks which are 
usually rather hard to remedy. 

The metal shaft seal used on most 
of the conventional compressors oc- 
casionally becomes very noisy and 
emits a very shrill squeak. This is in- 
dicative of a lack of oil, at the seal, 
and, if not remedied immediately, will 
soon score the seal and naturally cause 
a leak at that point. 


The electric motor will give noise 
trouble due to a fan roar, squeaky 
bearings, or an armature rumble. Oc- 
casionally, if the motor is loaded too 
much the repulsion start does not cut 
out and will result in a continuous 
noisy operation. If this trouble is al- 
lowed to continue, the motor will burn 
out in a very short time. 


End play in an electric motor is 
necessary, but an excess will cause 
a dull knock. 


A belt noise may be due to a very 
dry belt or pulleys that are out of line. 
It may be remedied by using soap or 
some othersubstance recommended for 
belts and by lining up the pulleys. Do 
not use oil. Sometimes the whole mach- 
ine unit will vibrate excessively, pro- 
ducing a rumbling sound as the unit 
runs and shaking the cabinet disagree- 
ably. This is due toimproper mounting, 


11-57. REVIEW QUESTIONS 


1. What trouble is indicated by a 
hot liquid line? 

2. What is the size of the service 
valve stem wrench? 

3. Why must dry air be used to 
test the controls for leaks? 


such as the wrong rubber suspensionor 
spring suspension; it may be due tonot 
enough play in the suction and liquid 
lines, or some obstruction may have 
been put in the compartment which 
destroys the action of the shock and 
the noise absorbing spring mounting of 
the condensing unit. 

An excessive head pressure will 
make a unit vibrate more than normal. 


A badly worn needle or seat in an 
expansion valve will sometimes make 
a chattering noise while the unit is in 
operation. 


IMPROPER REFRIGERATION 
BUT UNIT FREEZES 
ICE CUBES 


11-56. 


When the box temperature is over 
50 F. and the unit still will form ice 
cubes, the trouble is either in the ex- 
cessive frost accumulation onthe cool- 
ing unit or restricted air circulation 
in the box. This trouble is also indica- 
tive of a poorly insulated box, but this 
is very seldom the case, due to modern 
insulation practice. 

If there is an excessive frost ac- 
cumulation on the cooling unit, or if it 
is a restricted box circulation follow 
the rules as set forth in Chapter 9. It 
is possible to crowd the refrigerator 
cabinet with food and at the same time 
leave the drip pan below the cooling 
unit. The box will not operate success- 
fully under these conditions and it is 
very important that this be thoroughly 
understood by the owner. 


4. What does a pounding sound in 
the compressor, when a vacuum 
is being produced, indicate? 

5. Give several reasons why a gauge 
installation must be tested for 
leaks. 
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6. Why must a leak testing torch 
be charged and pumped up out 
in the open air and not in the 
same room in which a refrigera- 
tor is located? 

7. What are service valve packings 
made of? 

8. List the procedure followed in 
lapping an exhaust valve seat. 

9, What trouble results in a 110 
pounds per square inch head 
pressure in an air-cooled sul- 
phur dioxide system? 

10. A frosted suction line with an 
excessive low side pressure is 
the indication of what trouble? 

11. In what part of the system is the 
compound gauge usually install- 
ed? 

12. In what part of the system is the 
high pressure gauge usually in- 
stalled? 

13. Why must the pressures be bal- 
anced before a system is open- 
ed? 

14. What should the average low side 
pressure be for Freon 12, opera- 
ting at 15 F. coil temperature? 

15. What should the average high side 
pressure be for Freon 12 opera- 


11-58. SERVICE POINTERS 


Crankshaft seals are very liable to 
leak, if the compressor has been idle 
for a long time. One should turn the 
compressor over by hand a few times 
to allow oil to seep between the rubbing 
metal surfaces. One should also put an 
ounce of one of the special refrigerant 
detergent oils intothe crankcase to help 
eliminate this problem. 

The high side float system must be 
carefully charged as an excess of 
refrigerant causes frost backs while a 
shortage of refrigerant causes a par- 
tially frosted cooling coil. 


ting in a room temperature of 
85 F.? 

16. What precautions should be ob- 
served when filling service cy- 
linders with refrigerants? 

17. Why may discharge service 
valves and suction service valves 
be called two-way valves? 

18. What four things cause trouble 
in an expansion valve? 


19. What difficulties may result if 
moisture is allowed to collect on 
the outside of the expansion valve 
bellows ? 

20. How should a low side float ball 
be tested for leaks? 


21. Explain how to test for sulphur 
dioxide leaks. 

22. Explain how to test for methyl 
chloride leaks. 


23. What indicates the presence of 
air in a condenser? 

24. Name two methods of adding oil 
to a system. 

25. In case the compressor crank- 
case oil is on the high side, what 
special precautions must be tak- 
en when removing a compres- 


sor? 
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11-30. A service charging hose holder. This is a time 

saving device that will protect charging hoses and keep 

the hoses clean. This device is fastened to the back 

of the gauge manifold, and the open ends of the three 

hoses are sealed by threading them on these plugs. 
(Madden Brass Products Co.) 
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THE REFRIGERATOR 


SERVICE SHOP 


Inasmuch as the minute details ofall 
refrigeration work are so important 
for the safe and satisfactory operation 
of the refrigeration mechanisms, a 
careful study must be made of the 
techniques of performing common op- 
erations. Careless, inaccurate, slip- 
shod work has no place in refriger- 
ation. A good service man knows this 
and is therefore a conscientious and 
expert workman. It is the aim of this 
chapter to give the necessary founda- 
tion in the use of tools and the use of 
refrigeration shop equipment required 
for the successful installation and hand- 
ling of refrigeration equipment. 

12-1. THE SERVICE SHOP 

The specialized refrigeration ser- 
vice shop has appeared as a result ofa 
definite need. A typical service shopis 
that maintained by large, factory-auth- 
orized, service organizations, which 
sell, maintain, service, and repair 
equipment. They usually comprise a 
completely equipped repair shop, em- 
ploying one or two full-time men who 
repair equipment that is brought in by 
the service organizations. In most 
large cities a number of independent 
service men may be found who are 
doing refrigeration service work as 
individuals. These one-man organiza- 
tions rarely have the equipment or time 
to overhaul compressors or other 
parts. Many larger refrigeration ser- 


vice organizations also prefer not to 
set up an elaborate shop equipment 
which they are not able to keep operat- 
ing continuously. Catering to these 
service organizations, specialized ser- 
vice repair shops may be found which 
rebuild and repair equipment. They are 
usually operated by men who areskill- 
ful mechanics and who have good equip- 
ment. These shops repair the equipment 
for the independent service men. Such 
a shop may be termed a wholesale 
repair establishment, Fig. 12-1. 

The following paragraphs are meant 
to offer suggestions concerning the 
organization and equipment of such a 
repair shop. 

The purpose of the refrigeration 
service shop is to repair all equipment 
brought in by the service men and to 
keep on hand the necessary parts, 
equipment, and supplies for installing 
and servicing. 

The shop should be centrally located 
in respect to the distribution of re- 
frigerating equipment in the locality. It 
should also be provided with shipping 
facilities and parking space. The shop 
should have some display space, or 
window space, to provide an exhibit of 
supplies, parts, equipment, and ser- 
vices available. 


12-2. SHOP EQUIPMENT 


The type of work to be done deter- 
mines, to a great extent, the equipment 
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12-1. A typical refrigerator sales and service shop. A stockroom; B. Refrigerator storage room; C. Charging 

outfit; D. Drying oven; E. Exhaust fan; F. Small parts rack; G. Tool cabinet; H. Tear-down bench and cleans- 

ing bath; I. Assembly bench; J. Repair bench; K. Old parts; L. Rebuilt parts; M. Testing bench; N. Office desk; 
O. Refrigerators; P. Refrigerator unit. 


necessary for such a shop. One may 
choose from the following list of equip- 
ment the items necessary to do the 
work desired. The list is complete 
enough to enable one toperformalmost 
any manner of service or repair work. 
Lathe 
Arbor Press 
Grinder and buffer 
Air compressor 
Welding equipment 
Lapping blocks 
Charging apparatus 
Compressor testing stand 
Motor testing stand 
Drying oven 
Float control tester 
Expansion valve tester 
Cold bath for thermostatic controls 
Purging equipment 
Oil dispenser 
Storage racks for 
A. Completed work 
B. Rebuilt work 
C. Unfinished work 
Refrigerant distilling apparatus 
Cleaning bath 
Acid dip bath 
Paint spraying booth and equipment 
Assembly bench 
Tear down bench 
Supplies 
Shop tools 


12-2. A refrigeration shop lathe. This lathe can be used 
to do general shop work .and it can also be used to cut 
open hermetic motor-compressor domes. 


(South Bend Lathe Works) 


12-3. LATHE 


A lathe may be used for resurfacing 
valve plates, for lapping crankshaft seal 
shoulders, for straightening crank- 
shafts, for turning motor armature 
commutators, for refacing motor bear- 
ings, for straightening armature shafts, 
for winding tubing, for opening water- 
cooled liquid receivers, and for doing 
many other things. The lathe should be 
a screw-cutting type with at least a 
24-inch bed and a 9-inch swing, Figure 
12-2, It should be provided with a 
grinding attachment to make grinding 
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crankshaft shoulders possible. It should 
have a large face plate for mounting 
hermetic domes. It should also be 
wequipped with a steady rest for keeping 
liquid receivers true whencutting them 
open. j a 

y5 


a 
in 


12-4. ARBOR PRESS 


A mechanical or hydraulic arbor 
press is needed to install electric 
motor bearings, compressor bearings, 
and hermetic dome stators. Many fix- 
tures will be needed to permit full use 
of the arbor press. These fixtures 
should be mounted on a board near the 
arbor press for easy accessibility. 


12-5. GRINDER AND BUFFER 


An electric grinder and buffer com- 
bination may be used for conditioning 
shop tools and for cleaning and polish- 
ing the various brass parts of a re- 
frigerating mechanism. A fine buffing 
wheel can be used to clean steel and 
cast iron parts such as gasket sur- 
faces, etc. 

All rebuilt units have a muchneater 
appearance if the brass work is given 
a polish. A machine equipped with its 
own stand is to be preferred; also a 
ball-bearing motor, having a built-in 
switch is desirable. 


12-6. AIR COMPRESSOR 


An air compressor is valuable in 
the shop for many purposes: air pres- 
sure is needed to test different parts of 
the refrigeratingsystem upon assembly, 
and to furnish compressed air for the 
city gas and air torches. Air is also 
needed for blowing out screens and 
other parts of the refrigerating system 
when cleaning them. A dehydrator 
should be mounted in the suction line of 
the compressor to assure that the air 
which is delivered by the compressor 
is dry. A moisture trap is needed in 


the discharged line to receive moisture. 
The air storage tank should be purged 
each week. An old refrigerator con- 
densing unit may be used as an air 
compressor by using a large receiver. 
A pressure of 125 pounds per square 
inch to 150 pounds per square inch 
should be maintained. The intake side 
of the compressor may be used to 
evacuate parts when dehydrating, or 
when a vacuum is needed for testing a 
mechanism. This compressor may be 
used to supply air for spray painting if 
its capacity is adequate. A one horse- 
power compressor or largeris recom- 
mended, Air pressure should never be 
pressed against one’s skin as it may 
cause air bubbles under the skin. Also 
use goggles when using air to clean 
parts. 


12-7. EVACUATING EQUIPMENT 


Many refrigeration units are 
brought into the shop fully charged or 
partly charged with refrigerant. This 
refrigerant must be removed from the 
system before it may be dismantled. 

The method of removing the re- 
frigerant varies with the kind of re- 
frigerant and whether or not the re- 
frigerant is to be discarded or saved. 

If too much refrigerant is not in- 
volved, such as a domestic unit or a 
small hermetic unit, it is best to dis- 
card the refrigerant. However, if it is 
difficult to replace the refrigerant, or 
if a large quantity of refrigerant is tobe 
removed from the unit, it should be 
saved. 

When discarding the refrigerant, 
one must consider whether or not the 
refrigerant is toxic, irritating, flam- 
mable, or if it has a high oil content. 
Sulphur dioxide, for example, is a 
toxic refrigerant and it is also irritat- 
ing. 

Basically, the purging apparatus 
must consist of a securely mounted 
line (copper tube) leading to the roof of 
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12-3. An evacuating apparatus. A. Stand, B. Hand valves, C. Check valve, D. Oil trap, E. Purge valve, F. 
Neutralizer hand valve and check valve, G. Oil trap drain, H. Neutralizer tank, |. Direct purge to roof, J. 
Oil trap screen, K. Exhaust fan, L. Vacuum pump. 


the shop. This line should have a shut 
off valve, a pressure gauge, a check 
valve, and a sediment trap. The dis- 
charge end of the line should be in- 
stalled in an open trap to permit slow 
mixing of the refrigerant with the at- 
mosphere and to catch any oil that may 
be carried up the purge line, Figure 
12-3. It is of great importance that 
the purging bench be very well vent- 
ilated, a three sided enclosure witha 
hood and equipped with a large volume 
exhaust fan is needed to prevent any 
fumes from seeping back into the shop 
proper. 


12-8. WELDING EQUIPMENT 
(GAS AND AIR) 


The gas welding equipment needed 
consists of an oxygen tank, an acetylene 
tank, regulators and gauges, hose, and 
a torch. This equipment will be valu- 


able for soldering, brazing, and weld- 
ing the various parts of refrigeration 
systems. It may be used in cases of 
breakage, or to reassemble liquid re- 
ceivers after new water-cooling coils 
have been installed. All welding tanks 
should be provided with suitable sup- 
ports in order to eliminate any danger 
of their being knocked down. The local 
code on welding should be thoroughly 
understood if welding equipment is 
set up and operated. Never operate the 
welding outfit near the paint booth. 
CAUTION: Never use oxygen, acety- 
lene, or any other welding fuels, for 
the purpose of developing apressurein 
refrigeration tubing, piping, or equip- 
ment. Dry air or carbondioxide are the 
only safe substances to use for develop- 
ing pressures in refrigeration lines. 
A severe explosion is sure to result if 
welding gases are used, 

The electric welding equipment may 
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be either A.C, or D.C, A.C. equipment 
is the most popular because small units 
may be purchased. However, donot pur- 

“chase any equipment that uses 110 Volt 
feed-in as the equipment can only use 
1/16 electrodes efficiently. Aunit using 
220 Volt feed-in is more, prattical as it 
can use 1/8 in, electrodes easily. Steel, 
copper, cast iron, and aluminum canbe 
welded successfully. CAUTION: The 
welder should wear an approved arc 
welding mask and wear gloves. Arc 
welding is a popular way to reweld 
hermetic domes. 


12-9. SOLDERING EQUIPMENT 
(GAS AND AIR) 


The service man uses the soldering 
technique for many things. The most 
` popular soldering outfit is the acetylene 
gas and air torch. These acetylene-air 
torches furnish a clean flame at a 
: temperature of 2500 F. With com- 
pressed air, the torch flame tempera- 
ture is 2500 F. to 2800 F. The acety- 
lene is supplied in cylinders of 40 cu. 
ft. capacity and 10 cu. ft. capacity. A 
3/16 square valve stem valve is located 
in the cylinder and a fixed adjustment 
or variable adjustment regulator is 
attached to the cylinder valve. A 3/16 
in. inside diameter fabric reinforced 
(red color) hose connects the regulator 
to the torch. The torch is made of 
brass and has a wooden handle and is 
usually equipped with a shut off needle 
valve. Various size tips are available 
to screw into the handle and although 
the flame temperature is the same for 
each type, the amount of heatis greater 
as the tip hole or orifice is made 
larger, Figure 12-4. These torches are 
used for soldering, silver brazing, 
brass brazing, etc. They donot produce 
a high enough temperature to do suc- 
cessful welding. It is important to follow 
the following safety precautions: 
l. Always use the acetylene at a 


pressure of 15 lbs. per sq.in.or 

less as higher pressure may 

cause an explosion due to the 
instability of the acetylene at 
higher pressures. 

Always use the cylinder in a 

vertical position because the cyl- 

inder has a porous filler wet with 
acetone in which the acetyleneis 
dissolved, If the cylinder is lay- 
ing down while in use, some ace- 

tone may flow out, causing a 

dirty flame and the acetone may 

grease up the regulator and 
valves. 

. Keep the flame away from any 
flammable substance suchas oil, 
wood, paper, paint, cleansing 
fluids, methyl chloride, any bar- 
rels, or cylinders which may 
have contained flammable mat- 
erial at one time. Use an asbes- 


tos sheet or board to_ protect 
surfaces that should not be dis- 


colored or scorched when using 
the torch. 

. Always light the torch witha flint 
lighter, as matches ora cigarette 
lighter may bring your hand too 
close to the flame. Also, the 
dropped match or lighter may 
cause a fire. A veryclevertorch 
now on the market isatorch with 
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12-4. An acetylene-air soldering and brazing apparatus. 

A. Large tip and handle, B. Smaller tips, C. Soldering 

tip, D. Pressure regulator, E. Hose to connect torch to 
regulator. 


(Linde Air Products Co.) 
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a built-in flint lighter and a 
spring valve that automatically 
closes when the torch is dropped 
or laid aside, 


12-10. LAPPING BLOCKS 


Lapping blocks are used to resur- 
face accurately sylphon seal rings, 
valve plates, switch contact points, 
and valve disks, These blocks may be 
constructed of plate glass. Sandpaper 
blocks may be accurate enough for 
switch contact points. 

Plate glass lapping surfaces, using 
oil and a very fine grinding compound, 
should be used for sylphon seal rings. 
Chapter 11, It is difficult fora beginner 
to lap a surface accurately. One should 
use very little lapping compound, but 
considerable oil; the work should be 
moved in a figure eight motion over the 
block surface. The article that is being 
lapped should be held between the thumb 
and the index finger only; as the lapping 
process advances, the article should be 
turned in the fingers to compensate for 
any uneven pressure that may be ap- 
plied. One should use the entire lapping 
surface of the block evenly; otherwise 
low spots will be worn into the block 
and accurate work cannot be produced. 
A lapping block may be kept accurate 
by occasionally lapping it on another 
lapping surface. This will tend to wear 
away the high spots on both the blocks. 
However, for most accurate lapping, 
three blocks should be used and these 
blocks periodically lapped against each 
other. 

After the blocks have been used, 
they should be thoroughly cleaned, be 
given a clean oil film, and then covered 
with a wood or plastic cover to protect 
the surface from dust and abuse. 


12-11. CHARGING APPARATUS 


(SINGLE STATION) 


Three types of charging apparatus 


may be used. 

The simplest type consists of a 
stand on which a 150-pound refrigerant 
drum, or cylinder, may be mounted in 
an inverted position. This stand must 
be soconstructed that the cylindervalve 
is easily accessible, Figure 12-5. A 
1/4" charging line should run fromthe 
storage cylinder tothe service cylinder 
as shown in Figure 12-6. This charging 
line may or may not have a purging 
line tapped into it. It should be approxi- 
mately horizontal and at least 4 feet 
long. By carefully heating the storage 
cylinder slightly, or preferably by 
cooling the service cylinder, the re- 
frigerant may be easily transferred. 
The amount of refrigerant transferred 
may be determined by placing the ser- 
vice cylinder ona weighing scale during 
the charging operation. The charging 
line must be thoroughly purged before 
allowing the refrigerant topass through 
it into the service cylinder. The purpose 
of the auxiliary line, whichis connected 
to the main charging line through a 
valve, is to permit the purging of the 
small cylinder into some receptacle or 
outdoors, This thorough purging de- 
creases the pressure in the service 
cylinder in addition to removing the air 
from the line, which allows charging 
the service cylinder without heating or 
cooling either cylinder, When connect- 
ing the service cylinder to the storage 
cylinder, proceed as follows: 

ALWAYS WEAR GOGGLES WHEN 
WORKING ON PRESSURIZED APPAR- 
ATUS! 

1, Place the service cylinder (B) 
in a non-etilting stand on the 
weighing scale (F). 

2. Connect the charging line (G) to 
the service cylinder (B) but leave 
the connection loose at the ser- 
vice cylinder. 

3. Crack the storage cylindervalve 
(C) very slightly and when some 
refrigerant is noticed escaping 
at the service cylinder connec- 
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tion, quickly tighten this connec- 
tion. 


12-5. A metal stand used for holding large refrigerant 
cylinders to facilitate transferring the refrigerants. 


12-6. Set up for transferring refrigerants from a storage 

cylinder to a service cylinder and weighing. A. Storage 

cylinder; B. Service Bent ee C. Storage cylinder valve; 

D. Service cylinder valve; E. Purging or evacuating valve; 
F. Weighing scale; G. Horizontal tubing loop. 


4. Note the reading of the weighing 
scale, then openthe valves. After 
the correct weight of refrigerant 
has passed into the service cyl- 
inder close the storage cylinder 
valve. 

5. Now carefully warm the charging 
line to force the liquid remaining 
in it in to the service cylinder. 
Use the heat from one’s hand or 
use an electrical heating ele- 
ment. 

6. Close the service cylinder valve 


and disconnect the line. Plug or 
cap all connections immediately. 


12-12. CHARGING APPARATUS 
(MULTIPLE STATION) 


This system may be used the same 
as the previous system but it has a 
vacuum pump connected tothe charging 
line. The exhaust from the vacuum 
pump is piped to the outdoors througha 
check valve. The vacuum pump is 
connected to evacuate boththe charging 
line and the service cylinder. 

After the charging lines and the 
cylinder have been evacuated, shut off 
the vacuum line valve and turn off the 
vacuum pump. Now open the storage 
cylinder valve and the pressure dif- 
ference will cause liquid refrigerant to 
flow into the service cylinder until it 
has become filled with the proper 
weight of refrigerant. 

Shut off both cylinder valves. Open 
the vacuum line valve and start the 
vacuum pump. This action will remove 
the refrigerant from the charging line. 

A gauge mounted in the charging 
line will inform one at all times what 
pressures are present in the lines. 


12-13. REFRIGERANT CHARGING 
APPARATUS (VACUUM 
PUMP AND 
REFRIGERATION) 


A Refrigerant Charging Apparatus 
using a Vacuum Pump and a Cooling 
Coil is shown in Fig. 12-7. 

This popular method of transferring 
refrigerants cools the refrigerant to 
maintain a good pressure differential 
between the storage cylinder and the 
service cylinder. The principle of op- 
eration is simple. Because the re- 
frigerants are volatile which means 
they evaporate and condense very read- 
ily and their pressures quickly react to 
temperature changes, the flow of the 
refrigerant from the warm storage 
cylinder can be greatly speeded if the 
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refrigerant going into the service cyl- reached, stop the vacuum pump 


i e kept cool. This cooling 4, 

TE, E a cooling coil (4) Close valves 1 and 2 and then 
into the charging line (B). If this cooling open va 4 and start the re- 
unit is kept at 40 F. and as the cooled frigerating mechanism. foyer 
refrigerant flows into the service cyl- valve 4 and the pee an in the 
inder (D), the pressure in this cylinder storage cylinder & will aew push 
is constantly kept at a lower pressure the cooles aiie ea in ye 
than the pressure in cylinder A. To cooling coil C wale the service 
operate this system proceed as follows: cylinder D. As this cooled re- 
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12-7. A refrigerant charging apparatus using a vacuum pump and a cooling coil. A. Storage cylinder; B. Cooling 

coil; C. Purging line; D. Service cylinder; E. Weighing Scale; F. Refrigeration pump; G. Vacuum pump connec- 

tions. L. Cylinder valve; 2. Charging panel main valve; 3. Cooling coil shut off valve; 4. Purging valve; 5. Vacuum 
pump valve; 6. Vacuum pump discharge hand valve. 


(1) Connect the flexible charging to 
the service cylinder D. 


frigerant passes into cylinder 
D, it keeps the cylinder cool 


(2) 
(3) 


Purge the cylinder by opening 
valves 3 and 4. 

If a vacuum is desired in the 
service cylinder, close valve 3 
and open valves 1, 2 and 5 and 
operate the vacuum pump until 
the desired vacuum has been 
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and therefore the pressure is 
low. 

By watching the scale E, the 
amount of refrigerant charged 
into cylinder D can be easily 
determined., 


Caution: NEVER FILL THE CYL- 
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INDER COMPLETELY FULL OF RE- 
FRIGERANT; A COMPLETELY FILL- 
ED CYLINDER WILL BURST AS IT 
&eWARMS TO ROOM TEMPERATURE 
Another charging method is more 
complicated, but is very convenient 
when large quantities of, réfrigerant 
are to be handled. It eliminates the 
necessity of weighing the cylinders 
when charging. The device is called a 
charging board, It uses anintermediate 
drum, having a reinforced glass liquid- 
level indicator built into it. Figure 12-8. 
The intermediate drum is permanently 
connected to the 150-pound storage 
cylinder (A) by means of a copper line 
and a shut-off valve; it is then filled 


_ with the refrigerant. The level of the 


refrigerant is indicated in the glass 
sight level gauge (L) which is cali- 
brated in pounds of refrigerant. When 
a small cylinder is to be charged, the 
cylinder is attached tothe intermediate 
drum at C and the connecting line is 
purged. After the cylinder is cooled, 
the opening of the necessary valves 
will allow the refrigerant to flow from 
the intermediate drum to the service 
cylinder, The amount being charged into 
the cylinder is indicated by the weight 
scale mounted on the liquid level gauge. 


12-14. OIL CHARGING 
APPARATUS 


A shop should have some device to 
quickly feed oil into compressors or 
complete units. These oil charging 
devices should connect to large volume 
refrigerant oil containers to save onthe 
first cost of oil. This system must be 
kept exceptionally clean and dry. 

At least two grades of oil are 
needed in the shop, Oil of 150 Sayboldt 
vicosity is needed for systems using 
sulphur dioxide refrigerant while oil of 
Sayboldt viscosity of 300 is used for 
Freon 12, Freon 22, and methyl chlor- 
ide. 

Special service devices are on the 
market which may be used to charge 
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either refrigerant or oil into the con- 
densing unit, Fig. 12-9. 

It is to be recommended that the 
quantity of oil added should conform to 
the compressor and to the amount of 
oil recommended by the manufacturer 
of that unit. Many times this informa- 
tion is not available, especially if 


12-8. Method of transferring refrigerant from a storage 
cylinder to a service cylinder by means of a charging 
board. A. Storage cylinder; B. Charging control valve; 
C. Connection to unit or cylinder to be charged; D. 
Evacuating pump; E. Purging line; F. Compound gauge; 
G. Disconnecting valve; H. Pump discharge; |. Pump 
control valve; J. Purge control valve; K. High pressure 
gauge; L. Liquid level sight gauge; M. Charging cylinder 
control valve; N. Storage cylinder valve. 


12-9. Portable charging station equipped with vacuum 
pump, a refrigerant cylinder, a graduated glass tube 
and valves. It can also be used for charging the system 
with oil. 
(Airserco Mfg. Co., Inc.) 


12-10. A compressor testing stand made of l/4-in. x | 
f 5/\6-in. bolt; C. Oil cate 


working on obsolete models. A gen- 
erally satisfactory method of charging 
a compressor with oil that will result 
in the correct quantity of fresh re- 
frigerant oil of the proper grade is as 
follows: run the compressor, allowing 
the oil to be drawn into it, when the 
compressor starts throwing oil vapor 
out of its discharge opening, it is an 
indication that enough oil has been 
added. 


12-15. COMPRESSOR TESTING 
STAND 


Compressors should always be 
carefully tested after being overhauled 
and before being put in service. Com- 
pressors must be run-in for a number 
of hours after new bearings have been 
installed. In order to facilitate and run- 
ning-in compressors, a compressor 
test stand should be used. This con- 
sists of a steel bench with some 
flexible means of clamping different 
size compressors to it. Some test stand 
tops have grooves which make a very 
flexible clamping arrangement pos- 
sible, or the top may be drilled and 
tapped with a large number of holes in 
a definite pattern to enable clamping 
arrangements tobe attached. The motor 
used for driving compressors on test 
should be 1/2 H.P. or more. Com- 
pressors on test must be driven ata 
speed corresponding to the normal 


ai x IV/y-in. welded angle irons. A. 3-in. slots; B. 


pan; D. Electric motor. 


operating speed. This necessitates an 
arrangement of pulleys whereby vari- 
ous compressor speeds may be obtain- 
ed, a variety of belt lengths will be 
found necessary to test various types 
of compressors, Figure 12-10. If pos- 
sible all compressors, after being 
overhauled, should be run in on this 
stand from 8 to 25 hours before going 
into service. 

They should also be tested thor- 
oughly to determine their operating 
characteristics. The best test is to 
determine the quantity of gas the com- 
pressor will pump under normally 
operating low and high side pressure. 
This is rather difficult to determine 
because of the elaborate set up of flow 


12-11. A universal flange connection. 


meters, 
instruments required. The exact 
method of doing this varies with vari- 
ous manufacturers. No uniform pro- 
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cedure can be specified here. Most 

methods depend upon the time re- 

quired to develop a specified air pres- 
xSure in a tank of a specified size. 

Some compressor test stands use 
an electric motor drive mounted ona 
swing base. The weight , of the electric 
motor automatically produces the cor- 

rect belt tension. The lines for connect- 
a the gauges to the suction opening 
and the discharge line to the com- 
pressor are usually flexible lines and 
they are connected to the compressor 
by means of universal flange connec- 
tions, Figure 12-11. 

A fair estimate of a compressor’s 
efficiency may be easily obtained by 
determining how high a vacuum the 
compressor can produce when operat- 
ing against its normal head pressure. 
The time required for the compressor 


12-12. Motor testing torque arm and pulley. A. 
5/l6-in. wing nut and bolt; B. Reamed holes for various 
sized shafts; C. Spring. 


to draw a high vacuum is also an 
indication of its pumping ability. If the 
valves and pistons are in good con- 
dition, a compressor should maintain 
this vacuum after it has stopped. 

The compressor crankshaft seal 
may be checked by sealing the low side 
of the compressor and running the 
compressor with an 18-inch length of 
1/4-inch copper tubing connected tothe 
discharge service valve. The free end 
of this tubing should be inserted ina 


bottle, half full of refrigerant oil. 
While the compressor is pumping the 
vacuum, bubbles will come out of this 
tubing. If the bubbles continue to come 
out of the tubing, they indicateasealor 
low side leak. After the highest pos- 
sible vacuum has been reached, no 
more bubbles should come out of the 
tubing. To establish the source of the 
leak definitely, put oil around the seal 
as the compressor runs; if the seal is 
leaking, the oil being sucked into the 
seal will momentarily stop the leak, 
and the compressor will cease to pump 
bubbles. This definitely locates the leak 
at the seal. A good compressor should 
be able to produce 22 to 24 inches of 
vacuum against its normally operating 
head pressure and maintain it. 

A compressor testing stand may 
also be used to charge a compressor 
with oil. 


12-16. MOTOR TESTING STAND 


Electric motors, when in need of 
repair, are usually taken to a whole- 
sale electric motor repair shop to be 
overhauled. However, many of the re- 
frigeration service companies prefer to 
repair as many of these motors as 
possible. In case re-winding the motor 
is necessary, this should be done ina 
shop equipped for this kind of work. In 
many cases when motors come in, itis 
a question whether the motor should be 
repaired or rewound. It is then neces- 
sary to test the motor carefully to 
determine its operating characteris- 
tics. To do this, a torque testing stand 
should be used, Figure. 12-12. This 
testing stand consists of a stand and 
a group of pulleys with equal diameters 
to fit various size motor shafts. The 
surface of these pulleys is smooth and 
flat. A torque arm lined with automo- 
bile brake lining is arranged to fit the 
pulleys. The length of the torque arm 
should be exactly one foot between its 
point of support on the scales and the 
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center of the motor pulley. A spring 
loaded adjustment mechanism should 
be arranged on the friction surfaces of 
the torque arm to enable various fric- 
tions to be produced between the torque 
arm and the motor pulley. The extrem- 
ity of the torque arm is placed either 
on a spring scale or preferably on a 
platform scale, Figure 12-13. The 
torque arm should be balanced to pre- 
vent any prior loading of the scale. 
The torque arm must be level at the 
time the readings are taken. The torque 
of the motor can then be very accurately 
checked for stall condition and full 
speed load. The torque obtained in this 
way may then be read directly from 
the scales in pounds feet. This data, if 
compared with the manufacturers tor- 
que ratings, will indicate the condition 
of the motor. The switch mechanisms 
and brush mechanisms of these motors 
may be checked by using this stand. It 


12-13. Showing the use of a complete motor testing 
torque arm and pulley. A. Motor; B. Torque arm; C. 
Pulley; D. Weighing scale; E. Stand. 


is recommended that ammeters, volt 
meters, and watt meters be used to 
determine the current draw of the motor 
The temperature rise of the bearings 
Should be very carefully noted when 
testing the motors. A thermometer 
placed in the bearing oil reservoir is 
recommended for this purpose. The 
temperature rise should not exceed 
72 F. above the room temperature. 

Electric dynamometers are avail- 
able for measuring the power output of 
electric motors and they can also 
motorize the motor to determine its 
friction losses, 


The electric meters should be in- 
stalled in a panel in such a way that 
push switches can put an ammeter, a 
voltmeter, or a wattmeter in the cir- 
cuit, Fig. 12-14. 


SWITCH 


POWER LINE 


Ae AMMETER 
V2 VOLTMETER 


SWITCH 


POWER LINE 


We WATTIMETER 


12-14. A wiring diagram for connecting: (a) An am- 
meter and a volt meter to a motor. (b) A watt meter 
to a motor. 


12-17. DRYING OVEN 


All refrigerating apparatus must 
be thoroughly dry before being used. 
Parts become moisture laden while 
being repaired and should be thor- 


oughly dehydrated after assembly and | 


after they are checked for working 
ability. This dehydrating may be done 
in two ways. One way is to place the 
part to be dried in the drying oven, 
which is an insulated cabinet using gas 
burners or electric heating elements, 
and heating it, Figure 12-15. The part 
should be maintained at a temperature 
between 200 F. and 250 F. for 24 hours 
in order to dry it thoroughly. A better 
method is to draw a vacuum upon the 
parts to be dehydrated during this heat- 
ing period. It has been found that heat- 
ing periods of 8 hours are long enough 
if a high vacuum is maintained. Com- 
pressors should not be dehydrated with 
the oil charge in the compressor. 
Another method of dehydrating parts 
consists of producing a vacuum on the 
part to be dehydrated and then heating 
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the part with a blow torch for a period 
of about 15 minutes at 1 hour intervals 
for at least 4 hours. Do not let the unit 
become warm enough to be uncom- 
fortable to the hand, particularly parts 
that are soft soldered. This latter 
method is only recommended as an 
emergency. To conserve energy the 
drying oven floor should be the same 
height as the shop benches and the 
benches used to move the compressors 
should be of this height and fitted with 
wheels. 
12-18. FLOAT CONTROL TESTER 
After a float mechanism has been 
repaired, it must be calibrated and 
tested before being installed ina coil. 
The method of calibrating a float con- 
sists of adjusting it until the needle 
closes with the ball on the center line. 
To test a float valve for leakage, one 
of two methods may be used. The liquid 
line connection to the float valve may 
be attached to a high pressure, dry air 
line and the float mounted in such a 
position that the float presses the 
needle lightly against its seat. Oil 
placed around the valve will show the 
bubbles coming through if the needle 
is leaking. Sometimes a small leak may 
be remedied by holding the float valve 
in such a position that the needle 
presses against the seat, and then tap 


12-15. A gas heated drying oven with an automatic tem- 

perature control. A. Compressor; B. Automatic gas con- 

trol; C. Chimney for exhaust fumes; D. Door; E. Ther- 
mometer. 


lightly upon the needle with a light 
hammer. Some companies prefer to 
check float valves by mounting the 
float on a special stand; and with the 
aid of a pulley and weight system, 
impose a lifting force on the ball, 
equivalent to the lifting force imposed 
upon it when it is immersed in the 
refrigerant. The needle and seat are 


12-16. A low side float valve testing stand. A. Dry 
air tank; B. Valve; C. Swing joint; D. Float header; E. 
Float ball; F. Liquid. 
then tested for leaks using the dry air 
line. Other companies use an appar- 
atus whereby the float valve mechan- 
ism is lowered into a quantity of 
liquid after it has been connected toa 
dry air line. The appearance of bubbles 
will indicate a leak at the needle, 

Figure 12-16. 


12-19. EXPANSION VALVE 
TESTER 


After an expansion valve has been 
overhauled, the screen cleaned, the 
needle and seat repaired, the bellows 
cleaned, and the anti-freezing solution 
put in the bellows housing, the expan- 
sion valve should be thoroughly tested 
before being put into service. This test 
consists of checking the needle, seat, 
and bellows for leaks under their full 
pressure range. To test an expansion 
valve, needle, and seat, one must 
connect the liquid line fitting to a high 
pressure dry air line, and the cooling 
coil connection to a small meta] drum. 
A 6 cubic inch tank is of sufficient 
size. A very delicate manometer, or 
pressure gauge, is connected to this 


307 


MODERN REFRIGERATION, AIR CONDITIONING 


small tank and registers positive pres- 
sure and partial vacuums, This drum 
must also be connected to an air pump 
in order that a vacuum may be produced 
on the tank after the expansion valve 
has been connected to it, Figure 12-17. 
Turn the expansion valve adjusting 
screw all the way out and then produce 
a vacuum on the tank. Allow the expan- 
sion valve to remain in this condition 
for 5 minutes; if the low side pressure 
rises, the needle or the bellows is 
leaking. Now turn the expansion valve 
adjustment in slowly and note the 
pressure rise with each turn of the 
adjusting screw. After the screw has 
been turned in a certain number of 
turns, a positive pressure will be 
registered in the tank. This pressure 
will increase with each turn of the 
screw to a certain point when the 
pressure will increase uncontrolled. 
This point is the critical setting of the 
valve, and it should be well outside the 
normally operating pressure ranges of 
the expansion valve. To test the needle 
for leaks after the expansion valve has 
been adjusted to a 5-pound reading, one 
should wait for 5 or 10 minutes; if the 
drum pressure does not vary from the 
S-pound setting, the expansion valve 


12-17. An expansion valve testing apparatus. |. Suction 
line valve; 2. Tank valve; 3. Pressure valve; 4. Pressure 
release valve; A. Expansion valve; B. Air tank; C. Air 
storage tank; D. Air compressor; E. Motor; F. Dehy- 
drator; G. High pressure gauge; H. Low pressure gauge. 
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needle is holding O.K. With a 10-pound 
pressure registered on the tank gauge, 
test the bellows for leaks by putting 
refrigerant oil around the adjusting 
screw opening. Bubbles appearing here 
will indicate a leaky bellows. 


12-20. COLD BATH FOR | 
THERMOSTATIC CONTROLS 


Thermostatic motor controls and 
thermostatic expansion valves must be 
adjusted by means of a controlled 
temperature bath in order to test these 
controls for operating range and con- 
dition. A thermostatic expansion valve 
snould be tested like the expansion valve 
(Paragraph 12-19), but with the thermo- 
static bulb placed in an ice water bath 
or in a refrigerant bath maintained 
between 30 F. and 32 F. After the 


12-18. A cold bath for testing thermostatic expansion 

valves and motor controls. A. Refrigerating unit; B. Ex- 

pansion valve; C. Brine bath; D. Thermometer; E. Insu- 
lated cooling coil. 


expansion valve has adjusted itself to 
this temperature, it may be tested, 
using the same process as in Para- 
graph 12-19. Thermostatic motor con- 
trols operate at ranges varying from 
-20 F. for frozen food cabinets up to 
temperatures of 45 F. for grocery 
cabinets, etc. Toproduce temperatures 
for testing purposes over these ranges, 
the best device consists of a small 
refrigerating apparatus, which uses an 
automatic expansion valve connected to 
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a small coil that has been immersedin 
a brine solution. A thermometer well 
should be suspended in the brine solu- 
“tion, Figure 12-18. The control bulb 
of the motor contro] which is being 
tested is then immersed in this solu- 
tion; after a period of 1/2-hour, during 
which time the bulb temperature has 
become stabilized, the mechanism may 
be adjusted to the correct cutting-out 
temperature, andthe control adjusted to 
snap open the switch at this point. The 
correct cutting-in point may be obtained 
by warming the brine, by shutting off 
the refrigerating unit, by by-passing 
hot refrigerant into the cooling coil, 
by adding some hot water, orbyusinga 
torch. One must be very careful to do 
this slowly in order to produce even 
temperatures. 

A device is available that incor- 
porates a refrigerant well, a container 
for a glass stem thermometer and a 
place to clamp the thermostat bulb or 
the thermostatic expansion valve bulb. 
12-21. PURGING EQUIPMENT 

Often low side float coils, complete 
condensing units, orcomplete refriger- 
ators are brought into the shop, and it 
is necessary to empty them of their 
refrigerant before working on them. 
This refrigerant may be saved if pro- 
visions are available for storing and 
redistilling it; otherwise it is best to 
discard the refrigerant because of the 
impurities in it. Refrigerants may be 
irritating and charged with oil; there- 
fore they cannot be discharged directly 
outdoors. In all cases the oil in the 
refrigerant should be carefully handled 
to prevent damage to neighboring pro- 
perty. Sulphur dioxide and ammonia 
may be discarded by discharging them 
down a tile or brick sewer drain. 
Iron pipes should not be used to carry 
Sulphur dioxide refrigerants, while 
copper tubing should not be used to 
carry ammonia. 


When discarding refrigerants two 
precautions must be observed. The 
purging line should be provided witha 
check valve to prevent the backing up 
of the refrigerant into the room; a 
strong flow of water should be run 
down the sewer while the purging is 
going on in order to dissolve the re- 
frigerant. Many companies cause their 
purging lines to run out-of-doors and 
discard both their oil and their re- 
frigerant out through this line, but 
trouble has resulted from this system 
and, if possible, it should not be used. 
A good system of discarding the re- 
frigerant is to run it through a chemi- 
cal which will neutralize it. 


The purging stand should be hooded, 
and an out-of-doors exhaust fan should 
be run from this hood to take away any 
accidental leaking of refrigerant from 
the work shop. This fan should be 
large enough to take care of the ventila- 
tion for the complete shop to insure 
that under practically all circum- 
stances the work in the shop will not be 
interrupted. The location of the fan 
should be low, for most refrigerants 
and their gases formed under room 
temperature are heavier thanair. Some 
means of taking care of the oil in the 
refrigerant should be provided as part 
of the purging stand. This may best be 
done by means of a tank into the top of 
which the purging line enters. The 
purging outlet line then continues from 
another part of the top of the tank to 
the outdoors or into the sewer. Be- 
tween the two openings of the tank, a 
baffle should be constructed to cause 
the oil to settle out of the refrigerant 
gas as it passes through the tank. The 
bottom of the tank should be provided 
with a hand valve to enable one todrain 
the oil periodically. A check valve 
should be located in the line between 
the tank and the mechanism which is 
being purged to prevent the backing up 
of fumes into the room after the purging 
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is completed. Figure 12-19. 
12-22. OIL DISPENSER 


It is more economical to buy re- 
frigerating oil in large quantities, such 
as in barrel lots. Some means must be 
provided for dispensing this oil into 
smaller containers orinto refrigerator 
machines ina manner that will keep it 
clean and dry. This is best done by 


12-19. A diagram of a purging line and oil trap. A. 
Old refrigerant; B. Valve; C. Oil trap; D. Vent; E. Tile 
drain; F. Oil drain; G. Check valve; H. Building wall. 


a wooden cradle forthe barrel to enable 
mounting it on its side; a faucet may 
then be screwed into the bung of the 
barrel. No air openings into the barrel 
should be provided, but if the oil does 
not flow out, the sealed opening may be 
cracked, allowing a little air to flow into 
the barrel, If an air opening is per- 
manently provided, the oil will absorb 
too much moisture and may cause 
trouble in refrigerators in which it is 
used. A record should be kept of the 
amount of oil drawn from the barrel in 
order to know the amount of oil in the 
barrel at all times. However, the only 
sure way to have prefectly clean oil, is 
to obtain it, and dispense it in sealed 
containers, 


12-23. STORAGE RACKS 


Separate stands should be provided 
for completed work, rebuilt work, and 
unfinished work. These stands may be 
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constructed of either wood or metal. 
All work that is taken in should be 
tagged immediately to indicate the 
owner, the date brought in, and the 
repairs needed. This card should also 
contain space for marking the date the 
work was completed and the time when 
the unit was put into service. This tag 
may then be filed for reference. Some- 
times the drawers or shelves of these 
racks are provided with holders for 
cards rather than tags. The card sys- 
tem permits a much neater record, 
Figure 12-20. 


12-24. DOLLYS AND STANDS 


It is necessary to frequently move 
compressors, condensing units, re- 
frigerators and airconditioners around 
the shop. They must also be unloaded 
and loaded on trucks. 

To make this movement as conven- 
ient and safe as possible, the shop 
should have two wheel trucks, four 
wheel trucks, dollies, lift trucks, etc. 

The lift truck or trucks should be 
motorized to enable one man to pickup 
the heavy units and load them on trucks, 
stack them or move the heavy pieces 
from one place to another. 

Sturdy tables equipped with casters 
made and at the same height as the | 
dehydrating oven height, etc. should be 
available fortransporting refrigeration 
equipment to various stations in the 
shop. 


12-25. REFRIGERANT 
DISTILLING APPARATUS 


As previously mentioned, used re- 
frigerants should be discarded because 
of the oil and impurities dissolved in | 
them. However, if the amount of busi- 
ness warrants it, a distilling apparatus 
may be used to cleanse, purify, and | 
remove the oil from the refrigerant. | 
A distilling apparatus consists of five | 
main parts: (1) moisture removers in 
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12-20. A typical refrigerator shop repair card for 
refrigerator parts. 


the form of large calcium chloride, or 
zinc moss containers, (2) an acid neu- 
tralizer consisting of activated alumnia 
or zinc moss, (3) a vaporizer, (4) a 
condensing mechanism, and (5) an oil 
trap. In detail the complete apparatus 
consists of a refrigerating machine 
having an extremely large liquid re- 
ceiver, Fig. 12-21. This machine may 


a 
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have either a water- or an air-cooled 
condenser; a water-cooled one is pre- 
ferable. A large oil trap is connected 
between the compressor and the con- 
denser. The oil separator automatically 
collects the oil and removes it from the 
refrigerant. The dehydrator and neu- 
tralizer equipment should be installed 
in the suction line which is then attach- 
ed to the drum of the refrigerant to be 
distilled... As the compressor runs, it 
vaporizes the old refrigerant in the 
storage drum; when its vapor passes 
through the drying and neutralizing 
chemicals, its moisture and acidity is 
removed. The gas is then compressed 
and passed through an oil trap which 
removes practically all the oil vapor 
from it. From here it passes into the 
condenser, and upon condensing col- 
lects in the liquid receiver, cleansed of 
its impurities. Some distilling appara- 
tus uses double and triple oil traps and 
the same number of neutralizers and 
dehydrators. The neutralizers and de- 
hydrators used must be replaced often 
in order to keep the chemicals active. 
A distilling system similar tothe above 
is sometimes constructed, using steam 
or heating coils for the vaporizing 


12-21. A cleaning and distilling erp for refrigerants. A. Old refrigerant; B. Oil trap; C. Neutralizer; D. 


Dehydrator; E. Compressor; F. Con 


enser; G. Storage cylinder; 


H-H. Water cooling coil; |. Expansion valve; 


J. Automatic oil trap; K. Liquid level indicator. 
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means and very cold water forthe con- 
densing means. 


12-26. CLEANING BATHS 


When a refrigerating mechanism is 
brought into a shop, it should be 
thoroughly cleaned. The cleaning tank 
should consist of a large galvanized 
tank having a fine mesh screen located 
approximately an inch above the bot- 
tom. The tank should be partially filled 
with cleansing liquid. Paint brushes 
help clean the parts; a wire brush may 
also be used, Figure 12-22. A high 
pressure air jet may be used to clean 
otherwise inaccessible parts. 

After being cleaned, the parts should 
be rinsed and then placed upona drying 


12-22 A cleaning bath and rack for refrigerator parts. 
A. Screen; B. Wood or metal slats; C. Brush holder and 
small parts holder; D. Venting hood. 


rack located above the bath. Because of 
the fire hazard, GASOLINE OR 
NAPTHA SHOULD NEVER BE USED IN 
CLEANING TANKS. Carbon tetrachlor- 
ide cleaning tanks should be vented 
outdoors, as the fumes are very toxic. 
The fumes are harmful to the kidneys, 
liver and the brain and the effects are 
accumulative. NEVER BREATH CAR- 
BON TETRACHLORIDE FUMES. A new 
Supply of cleansing liquid should be 
used every day, or more often, depend- 
ing upon the amount of work done. 


An economical arrangement consists 
of the use of two tanks. The first tank, 
containing the dirtier fluid, is used for 
the first cleaning; and the other tank, 
which contains clean fluid, is used for 
the final cleaning and rinsing. Itis best 
to check with the local Fire Department 
and Industrial Hygiene Department be- 
fore using a cleaning agent. 


12-27. ACID DIP BATH 


Many brass parts of the refrigerat- 
ing system such as fittings, nuts, 
service valves, etc., become discolored 
and greasy after a period of use. When 
such a mechanism is brought into the 
shop, it is usually desirable to clean it 
and to make it look like new. A buffing 
wheel may be used for this purpose, but 
many crevices and corners are in- 
accessible to the wheel. A quantity of 
dilute sulphuric acid in an earthen- 
ware crock, which is covered with a 
wood plate is a very good cleaner for 
brass parts. Attach the parts to be 
cleaned to a wire or put them ina 
perforated earthenware dish; then im- 
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12-23. An acid dip bath for chemically burnishing brass 
refrigerator parts. A. Acid; B. Water and soda; C. 
Drain basin; D. Trap. 


e 


SSASSSUESSY 


if 
7 
3 
ý 
9 
A 
Z 
3 


SSASSSS ASS 


Annaeeeenens 


iia 


merse in the acid for two or three 
minutes. The operator should wear 
rubber gloves, apron, and goggles, when 
using the acid cleaning bath. Brass 
fittings, cleaned as above, must be) 
immediately rinsed in an earthenware | 
crock full of clean water to wash away 
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the acid, Figure 12-23. The fittings will 
now have a very clean appearance. 
Dilute nitric acid may also be used and 
it does not have to be heated. However, 
it is a much stronger acid and there- 
fore more dangerouseKeep,acidclean- 
ing crocks under a~“well ventilated 
hood to eliminate inhaling of the fumes. 
These fumes are also very deteriorat- 
ing and corrosive to practically all 
metals and the apparatus should have 
a hood and be vented. 


12-28. PAINT SPRAYING BOOTH 
AND EQUIPMENT 


Duco and lacquer paints are often 
used for finishing refrigerator cab- 
inets and parts. A paint spraying outfit 
used in a ventilated booth is the best 
means for repainting these cabinets. 
The old paint should be removed with 
paint remover, a scraper and sand- 
paper. A priming surface should then 
be applied FOLLOWED WITH AT 
LEAST TWO coats of the finish paint. 
For excellent results, each coat should 
be sanded before the next coat is 
applied. The painting equipment may 
also be used for repainting compres- 
sors, bases, motors, receivers, etc. 


12-29. SUPPLIES 


The refrigeration repair shop 
should have onhanda sufficient quantity 
of supplies to perform adequately the 
work encountered. Supplies consisting 
of the following should be kept onhand: 

Refrigerant 
Sulphur dioxide 
Methyl chloride 
Freon -12 
Freon -22 

Refrigerant oil 
150-162 viscosity 
300-350 viscosity 

Tubing 
1/4-inch O.D. 
3/8-inch O.D. 


1/2-inch O.D. 
Fittings 
Flared 
Pipe 
Soldered 
Valves 
Valve Packing Material 
Gasket Material 
Cleaning fluid 
Paints 
White for cabinets 
Black for bases andcompressor 
Thinner 
Cap Screws (cadmium plated or 
monel) 
1/4-inch NF 
1/4-inch NC 
5/16-inch NF 
5/16-inch NC 
Lapping Compound 
Sealing Compound 
Silver Brazing Wire (45% silver) 
Silver Brazing Flux 


Solder 50-50 
Solder Flux (non-corrosive paste) 


Dehydrators and neutralizers 
Activated alumina 
Calcium chloride 
Calcium sulphate 
Silica gel 
Zine moss 
Record tags 
Small Acetylene Cylinders 
Tape 
Friction 
Masking 
Plastic 
Electrical supplies 
Wiring 
Conduit 
Thin wall 3/4-inch and l-inch 
Electrical 
Fuses 
Cartridge 
Plug 
The quantity of parts and the kind 
and amount of supplies kept on hand 
depend upon the type of work specializ- 
ed in and the amount of work per- 
formed. A careful record should be kept 
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of the amount of stock on hand toinsure 
that a sufficient amount is available to 
supply all needs. 


12-30. SHOP TOOLS 


Many common tools are necessary 
to overhaul refrigerating machines ef- 
ficiently. Some of the tools commonly 
used in the refrigerating repair shop 
are: 

A complete set of adjustable ream- 
ers for 1/4-inch diameter up to 1 1/2- 
inch. 

Straight and curved tin snips for 
cutting gasket material. 

A set of hollow punches varying in 
size from 1/4-inch diameter to 3/8- 
inch for cutting gaskets. 

l-quart blow torch for odd heating 
and soldering jobs. 

A halide leak testing torch. 

Vises of both the pipe and straight 
jaw types. 

A complete set of socket wrenches 
equipped with sockets varying from 
3/8-inch across flats up to 1 1/2-inch. 

Flywheel pullers. 

A set of tube benders, 

A set of fitting refacers. 

Master gauges and thermometers 
should be used to check the instruments 
carried by the service men. 

A set of adjustable end wrenches 
varying in size from 6 inches to 12 
inches will be found very useful for 
many different purposes. 


A set of pipe wrenches varying in 
size from 6 inches to 12 inches will 
also be found to be useful. 

A welding station. 

36 in. high cart with casters. 


12-31. TOOL RACKS 


Probably the most troublesome pro- 
blem in a shop is to keep the shop 
tools in their proper place or to know 
where they are, and who has them 

The best system developed to date 
is to use a tool rack. This rack has a 
definite place for each tool and a tool 
check system to indicate who has the 
tool when it is not on the rack. 


12-32. POLICY 


A very accurate record should be 
kept of all work done and the amount 
spent on each unit for labor and mater- 
ial. Flat rate charges should be made 
for compressor overhauls, expansion 
valve overhauls, and for similar work. 
When work is brought into the shop, it 
should be marked as to whether it isto 
be turned out in a definite time, ‘‘rush- 
ed,” or otherwise, The work upon being 
completed should be reported and re- 
corded in the proper places so that the 
units will not be lost or misplaced. The 
work may be guaranteed for thirty to 
ninety days depending upon the type of 
work encountered andclientele built up. 
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12-24. A motor-compressor opener. This special dome 
welding grinding machine will open a motor-compressor 
in about twenty minutes. 


(Frankell Mfg. Co.) 


12-33. COMPRESSOR OPENER 


A device used to remove the motor- 
compressor weld by grinding is shown 
in Fig. 12-24. The motor-compressor 
is clamped to a turn table and the 
grinding wheel grinds the weld as the 
compressor slowly turns. The wheel 
automatically adjusts itself to the con- 
tour or shape of the weld seam, be it 
round, elliptical or almost any other 
shape. The machine will remove both 
side welds and top welds. The opener 
mechanism is housed in a steel cabinet 
provided with two shatterproof windows 
to enable the operator to watch the 
grinding operation. Both motors of the 
unit require single phase, 110 volt 
power and use about 11 amperes. About 
two minutes are needed to set up and 
adjust the machine. The machine then 
automatically grinds the weld for ap- 


proximately 20 minutes (timer con- 
trolled). One motor is used to operate 
the turn table while a second motor 
drives the grinding wheel. The machine 
may be equipped with either 1/8, 1/4, 
or 3/4 thickness grinding wheels. 


12-34. REVIEW QUESTIONS 


The answers to the following ques- 

tions may be found in Paragraph 12-34. 

1. Why must the refrigerants be 
chemically pure? 

2. Why must one be careful when 
handling most refrigerants ? 

3. Explain the text, ''Never use a 
cheap refrigerant cylinder.” 

4, Why is glycerine considered the 
ideal brine? 

5. What are the two kinds of ser- 
vice repair shops? 

6. What may a lathe be used for in 
a repair shop? 

7. Describe two types of charging 
stands used in refrigeration. 

8. Why is an air dryer necessary 
in the inlet of the air com- 
pressor? 

9. Describe the three kinds of lap- 
ping blocks or surfaces. 

10, Why must a compressor be run 
at its rated speed when testing 
it? 

11. What is meant by 
compressor? 

12. Why is an exhaust fan located 
near a charging stand? 

13. Why must goggles and rubber 
aprons be worn when using the 
acid dip bath? 


‘‘baking’’ a 


14. What is the fire hazard in a 
paint booth? How may it be 
eliminated? 
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Chapter 13 


THE ABSORPTION 
SYSTEM 


The absorption system differs from 
the compression system in that it uses 
heat energy instead of mechanical en- 
ergy to make a change in the condi- 
tions necessary to complete a refrig- 
eration cycle. This system uses gas, 
kerosene, or an electric heating ele- 
ment as a source of heat supply. 


TYPES OF ABSORPTION 
SYSTEMS 


13-1. 


There are several usable combina- 
tions of chemicals that have the prop- 
erty that one may absorb the other with- 
out any chemical action taking place. 
The substance has the property to ab- 
sorb the other chemical when cool, but 
will release the chemical when heated. 
If the substance is a solid, the process 
is sometimes called adsorbing while if 
the substance is a liquid, the process 
is called absorbing. 

There are two principal types of 
absorption refrigerators: one utilizing 
a solid absorbent material, the other 
using a liquid absorbent, The liquid ab- 
sorbent machine is the most popular. 

These two types of absorption re- 
frigerators are typified by the Fara- 
day, which is a solid absorbent type 
and by the Electrolux, which uses a 
liquid absorbent. 


13-2. THE ABSORPTION SYSTEM 


Fig. 13-1 illustrates a simple ab- 


sorption system. This diagram is of 
the solid absorbent type and is pro- 
duced for the purpose of comparison 
with mechanical types of refrigerators. 

The condensing coil, receiver, and 
cooling coils are quite similar to those 
used in the compression system. The 
compressor, however, has been re- 
placed by a heater or generator, The 
system does not work so simply as 
the illustration portrays, but function- 
ing of it may be more easily followed 


13-1. 


Elementary solid absorbent cycle. 


by leaving out the various controls 
that are explained in detail later. 

The most appealing feature of this 
System is the elimination of moving 
parts down to a few valves, while cer- 
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tain domestic applications have moving 
parts reduced to a minimum. 

Fig. 13-2 illustrates a simple ab- 

* sorption system of the liquid absorbent 


type. z E z 


13-2. Elementary liquid absorbent cycle. A. Generator; 
B. Condenser: C. Receiver; D. Cooling coil; E. Burner; 
F. Water-in; G. Water-out. 


13-3. THE SOLID ABSORPTION 
SYSTEM 


Michael Faraday, in 1824, perform- 
ed a series of experiments to liquefy 
certain ‘‘fixed’’ gases -- gases which 
certain scientists believed could exist 
only in vapor form, Among them was 
ammonia, for it had always been re- 
garded as a ‘‘fixed’’ gas, Faraday knew 
that silver chloride, a white powder, 
had the peculiar property of absorbing 
large quantities of ammonia gas. He 
therefore exposed silver chloride to 
dry ammonia gas. When the powder had 
absorbed all of the gas it would take, 
he sealed the ammoniassilver chloride 
compound in a test tube which was bent 
to form an inverted ‘‘V.’’ He then 
heated the end of the tube containing 
the powder and at the same time cooled 
_ the opposite end of the tube with water. 

The heat released ammonia vapor and 
drops of colorless liquid soon began to 
appear in the cool end of the tube. Thus 
liquid ammonia was produced for the 
first time. 
Faraday continued the heating pro- 
€ cess until sufficient liquid ammonia had 
; been produced for his purpose. When 


this was accomplished he extinguished 
the flame under the powder and pro- 
ceeded to observe the characteristics 
of the newly discovered substance. 

A few moments after the flame had 
been extinguished, Faraday began to 
note a most unusual occurrence. The 
liquid ammonia, instead of remaining 
quietly in the sealed test tube, beganto 
bubble and then to boil violently. It was 
rapidly changing back into a vapor, and 
the vapor was being reabsorbed by the 
powder. Upon touching the end of the 
tube containing the boiling liquid, Fara- 
day was astonished to find it intensely 
cold. Ammonia, in changing from liquid 
to vapor form, extracted heat and it took 
this heat from the nearest thing at hand, 
which was the test tube itself. 

The diagram in Fig. 13-3illustrates 
the Faraday experiment. 


13-4. ABSORPTION SYSTEM 
CHEMICALS 


Several different chemical com- 
binations have been used in absorption 
units. 

Ammonia as the refrigerant and 


CHILLING 
UNIT 


ABSORBER 


CONOENSER 


13-3. Elementary operation of the intermittent absorp- 
tion cycle. 
(Faraday Refrigerator Corp.) 
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water as the absorbent is the most 
popular. l 

High temperature units (air condi- 
tioning) are now using water as the re- 
frigerant and lithium bromide or lithi- 
um chloride as the absorbent. The pres- 
sure in these systems varies between 15 
psia in the cooling coil to 1 psia in the 
condenser. 


One company is using methylene 
chloride as the refrigerant and di- 
methyl ether of tetraethylene glycol 
as the absorbent. The pressures are 
3psig and 24 in Hg. vacuum. 


13-5. TYPICAL SOLID ABSORBENT 
SYSTEM 


From Fig. 13-1 the following elem- 
entary cycle may be traced, Heatis ap- 
plied to the generator or absorber, 
which will liberate ammonia gas from 
its absorbent and will increase the 
pressure to the point where the air or 
water cooled condenser will remove 
sufficient heat from the high pressure 
gaseous ammonia to reduce it to a 
liquid. 

The liquid refrigerant is forced 
from the condenser to the receiver or 
Storage tank by the pressure of the 
vapor entering the condenser. 

After sufficient ammonia is driven 
into the condenser and receiver, the 
heat is discontinued and the generator 
or absorber cools. When the tempera- 
ture of the absorber is lowered suffi- 
ciently, it begins taking back or re- 
absorbing the ammonia gas. As the ab- 
sorber cools it attracts the gas am- 
monia molecules and as they enter the 
absorber and are changed to a liquid 
two things happen. First, the absorber 
heats up and this heat must be removed. 
Second, the pressure in the container 

is reduced to the level where the liquid 
ammonia can convert again to a gas at 
such a low heat level that refrigerating 
temperatures are produced. The ap- 


paratus is so constructed that it can ob- 
tain this ammonia only from the cooling 
unit, which necessitates an evaporation 
taking place there. From elementary 
physics one knows that this will cause 
the removal of heat from the cooling 
unit and its surroundings, and if this 
cooling unit is located in an insulated 
box (a refrigerator box) that box will 
be refrigerated. 

As the ammonia evaporates from 
the cooling unit it is replaced by liquid 
ammonia from the receiver. This oper- 
ation continues until the proper amount 
of ammonia is reabsorbed by the gen- 
erator, when heat is again applied and 
ammonia is again moved to the re- 
ceiver. 

From the description it is seen that 
the cycle is intermittent and that the 
complete cycle embraces both a gen- 
erating period and an absorbing period. 
This cycle may be easily traced from 
Fig. 13-2. 

This in principle is the Faraday re- 
frigerator and its cycle is explained 
in detail in Chapter 14. 


13-6. TYPICAL LIQUID 
ABSORBENT SYSTEM 


The liquid absorbent system seems 
to possess some very desirable char- 
acteristics, Water at ordinary pres- 
sures and temperatures will absorb 
great quantities of ammonia. Ammonia 
absorbed in water may be easily driven 
from the water by the addition of heat. 
Also liquid ammonia has a high latent 
heat of vaporization. 

The Servel is a domestic refriger- 
ator which is designed to operate ina 
continuous cycle and has no moving 
parts or valves other than to control 
the burner flame. The refrigerant is 
ammonia with water used as the ab- 
sorbent; hydrogen gas is utilized to 
create a partial pressure (Dalton’s 
Law, Paragraph 1-18) to allow the 
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(Copyright 1955 by Servel Inc.) 
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ammonia to evaporate at a low pres- 
sure. 

In Fig. 13-4, A represents am- 
monia, and H is hydrogen, 

When the burner is lighted and its 
heat applied through the center of the 
generator, ammonia vapor is released 
from the solution. This hot vapor in 
part (lb) passes upward through the 
percolator tube (10), and as the hot 
ammonia vapor rises through this tube 
it carries the solution to the upper 
level of the separator (Il). 

Most of the liquid solution settles 
in the bottom of (11) and flows through 
the liquid heat exchanger (9) into the 
absorber (4). The hot ammonia vapor 
being light rises to the top of (11) tube, 
The hot ammonia vapor then passes 
downward through the center tube, into 
the analyzer (6). Here any water vapor 
is removed while the hot ammonia vapor 
rises into the rectifier (7). 

The rectifier consists of a series 
of small baffle plates, surrounding the 
tube. If the hot ammonia vapor still has 
some traces of water vapor, it must be 
removed toinsure pure ammonia vapor. 

The heat has at this point com- 
pleted its work. For the remainder of 
the cycle, the natural force of gravity 
is depended upon to create circulation. 

The pure hot ammonia vapor con- 
tinues into the condenser (2). 

The air, passing through the fins 
takes out the heat from the ammonia 
vapor, thus condensing some of the 
vapor in liquid in (2a). This ammonia 
is now in a pure state, and it flows 
into the evaporator (3d). 

The ammonia gas that does not con- 
dense in (2b) where the rest is con- 
densed drains to the upper tube or 
trap. 

The U-tube is the receiving and 
storage compartmentinthe cycle where 
the liquid ammonia is allowed to build 
up to a predetermined level; then it 
flows into the cooling coil (3a). Because 
a liquid will always seek its own level, 


the liquid ammonia flows by gravity 
through the liquid ammonia tube and 
spills into the cooling unit. 

As the liquid ammonia falls intothe 
cooling unit, (3a and 3b) it forms in 
large shallow pools on a series of 
horizontal baffle plates. The hydrogen 
that is being fed to the cooling unit 
permits the liquid ammonia to evap- 
orate, (Dalton’s principle) at a low 
temperature. During this process of 
evaporation, the ammonia absorbs heat 
from the food compartment of the re- 
frigerator and causes the water in the 
ice-cube containers to freeze. The 
more hydrogen and less ammonia the 
lower the temperature. The evaporator 
vapor formed by the evaporating of the 
liquid ammonia, mixes with the hydro- 
gen. This mixture is heavier than hy- 
drogen alone and moves downward 
through the middle of the gas head ex- 
changer (8) into the absorber (4). This 
circulation is continuous in the cooling 
unit. The mixed gases that pass through 
the gas heat exchanger cool the hy- 
drogen rising in the outer tube. 

During this time a weak solution of 
ammonia and water is flowing fromthe 
generator (11) to the top of the absorber 
(4) by way of the liquid heat exchanger 
(9). Here it meets the mixture of hydro- 
gen and ammonia vapor coming from the 
evaporator by way of the gas heat ex- 
changer. The weak solution absorbs the 
ammonia vapor. The hydrogen is left 
free; since hydrogen is insoluble in 
water and is very light, it now rises to 
the top of the absorber and returns to 
the cooling unit by way of the gas heat 
exchanger (8). 

The absorber (4) has fins and is air 
cooled, The cooling of the weak solution 
helps it to absorb the ammonia gas out 
of the mixture of ammonia and hydro- 
gen. Also when the weak water solution 
absorbs the ammonia gas, considerable 
heat is liberated and the aircooled fins 
must remove this heat to permit refrig- 
eration to continue, 
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The solution, now a strong solution 
of ammonia and water, drops tothe bot- 
tom of the absorber (4) and continues 
down through the liquid heat exchanger 


(9). 


13-5. The generation or heating interval in a typical 
intermittent type absorption refrigerator. 
(Perfection Stove Co., Inc.) 


The liquid heat exchanger carries 
the strong liquid, or refrigerant, back 
to the analyzer (6) and to the generator 
where it again starts its cycle. 

The rectifier (7) insures that any 
water vapor still in the ammonia will 
condense and drain back tothe analyzer. 

The apparatusis a welded assembly. 
There are no moving parts to wear out 
and go out of adjustment. The total pres- 
sure throughout the cycle is about 200 
psig, necessitating a rugged construc- 
tion which insures a long life. 

To produce a 0 F refrigerant in the 
cooling coil the ammonia must boil at 
15.7 psig, which means that the hydro- 
gen must make up the remainder ofthe 
pressure (184.3 psig). This refrigera- 
tor is considered to be unique among the 
domestic ones sold inthe United States. 
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A more detailed study is made of the 
Servel in Chapter 14, 


13-7. KEROSENE BURNING 
REFRIGERATORS 


A very convenient refrigerator cy- 
cle for localities not furnished with 
gas or electricity is the Superfex and 
Trukold cycle. The Superfex cycle is 
basically the Faraday principle but 
incorporates features which warrant 
a description. 

Ammonia is mixed with water ina 
tank or generator (A) under which are 
located some kerosene burners (M). 
The burners are lighted and the heat 
produced drives the ammonia in vapor 
form out of the mixture. This am- 
monia vapor is forced up a pipe (D) 
and through a coil (E) which is im- 
mersed in water contained in a tank 
(B) on top of the refrigerator (note 
arrows Fig. 13-5). The lower tem- 
perature causes the ammonia vapor to 
change back to a liquid at the high 
generating pressure. This liquid am- 
monia drops through a pipe into the 
liquid receiver (C) and from here it 
passes to the cooling unit (K) which 
is surrounded by a brine (H). The li- 
quid receiver is insulated (F) to pre- 
vent this container from overcooling 
the food compartment by acting as the 
cooling coil. This process continues for 
a relatively short time until all the 
kerosene is consumed and the burners 
automatically go out. As the absorber 
cools to room temperature, the am- 
monia will evaporate at a very low 
temperature in the cooling unit be- 
cause as the generator cools it tends 
to re-absorb the ammonia gas, there- 
by reducing the pressure and permit- 
ting the liquid ammonia in the eva- 
porator to boil at low temperatures. 
This evaporation causes the cooling 
effect on the contents of the food com- 
partment which is called refrigera- 
tion. 
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In detail, the water in the genera- 
tor (A) cools very quickly after the 
burners have gone out, and as cool 
water has a strong affinity for am- 
monia, the ammonia vaporized in the 


13-6. The cooling period in an intermittent type ab- 
sorption refrigerator. 
(Perfection Stove Co., Inc.|} 


cooling unit passes back (note arrows 
Fig. 13-6) to the generator through a 
connecting pipe (G) and is re-absorbed 
by the water in the generator main- 
taining a low evaporating pressure in 
the cooling unit. 

In other words, the heat from the 


oil burners drives the ammonia from 
the generator (A) to the cooling unit 
(K) in a short time; the ammonia in 
the cooling unit vaporizes and passes 
back to the generator slowly over a 
period of twenty-four to thirty-six 
hours, The vaporization of the am- 
monia in the cooling unit produces the 
refrigerating effect. 

For additional efficiency in unusu- 
ally hot climates or for handling ex- 
tra large loads, a depression (L) in 
the top of the condenser tank may be 
filled with water which will evaporate 
rapidly and aid the cooling of the tank. 

This refrigerator is also explained 
in Chapter 14 along with the Trukold 
and Icy-ball which are fundamentally 
Similar to it. 

Without exception the absorption 
mechanisms are provided with a fuse 
plug which will release the charge 
from the mechanism when the tem- 
perature of the unit becomes excess- 
ive 175-200 F. This device prevents 
any possibility of the complete mech- 
anism exploding. 

An absorption refrigerator using 
sulphur dioxide as the refrigerant was 
produced a few years ago but did not 
continue on the market. It was of the 
intermittent type using silica-gel as the 
absorbent material. The action was 
very similar to action in the inter- 
mittent types just explained. This ab- 
sorption system is used on some rail- 
road freight cars. 
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REVIEW QUESTIONS 


. Name the lettered parts of Fig- 


ure 13-2, 


. Why is the- ammonia and water 


combination so popular? 


. What purpose does,the*hydrogen 


serve in the Electrolux? 

What localities are especially in 
need of the kerosene-fired in- 
termittent absorption refrigera- 
tors? 


. Who first discovered the absorp- 


tion principle? 


. Why must the absorber be cooled 


in the Servel cycle? 


. What is the purpose of a heat 


exchanger? 


. How can burning more gas in 


the Servel cycle produce more 


10, 


lil, 


Ze 


Wie 


14, 


cold? 


. Why is the storage cylinder or 


receiver in the Superfex refrig- 
erator insulated? 

Why are these mechanisms pro- 
vided with a fuse plug? 

Name three substances used in 
absorption refrigerators to ab- 
sorb the refrigerant gas. 

In absorption refrigerators, does 
the liquefication of the refriger- 
ant depend upon compression? 
Does the generator serve any 
other purpose in the Superfex? 
What? 

Have absorption refrigerators 
using sulphur dioxide ever been 
used? 


Chapter 14 


ABSORPTION SYSTEMS 
CONSTRUCTION FEATURES 


The refrigeration systems of the 
absorption type have entirely different 
construction features and service oper- 
ations than the compression cycle sys- 
tems. In Chapter 13 the absorption 
cycles are explained in detail. It is the 
endeavor of this chapter to bring out 
the construction features of these re- 
frigerators. 


14-1. DOMESTIC ABSORPTION 
SYSTEMS 


Absorption system domestic refrig- 
erators have been marketed since the 
20’s. These units have several advan- 
tages. They have no moving parts and 
therefore are virtually noiseless. Some 
do not require electricity and can pro- 
vide refrigeration where electricity is 
not available. 

There are two types of absorption 
machines; the intermittent type andthe 
continuous type. The intermittent type 
however has practically ceased to ex- 
ist. The continuous type is becoming 
increasingly popular. 


14-2. INTERMITTENT TYPE 


ABSORPTION SYSTEMS 


The intermittent absorption machine 
waS very popular in the 30’s. The 
Crosley Corp. manufactured the Icy- 
Ball, the Superfex was made by the 
Perfection Stove Co. and the Trukold 
was sold by Montgomery Ward. 


These units were operated by a 
kerosene heater which when lighted 
heated the generator for approximate- 
ly one hour. After the burner used up 
its fuel and ceased to burn, the re- 
frigerator would provide excellent re- 
frigeration for about twenty-three (23) 
hours. Therefore, the housewife only 
needed to fill and light the special 
kerosene units once each day. 


14-3. SUPERFEX 


The Superfex refrigerator was de- 
signed to produce good refrigeration 
using kerosene as the source of ener- 
gy. The system had the generator on 
the left side of the cabinet with the 
kerosene burners mounted on racks 
and accessible through a small door 
on the lower left side. The condenser 
was immersed ina tank of water mount- 
ed on the top of the cabinet. 

The system used ammonia as the 
refrigerant and water as the absor- 
bent. Note that the cooling coil was 
surrounded by a cold retainer which 
served to keep the refrigerator cold 
during the heating portion of the cycle. 


The cycle is explained in Chapter 
13. With this unit there were two pre- 


cautions to be observed: The water- ` 


cooled condenser is immersed in a 
non-flowing water tank located in the 
top of the box. This water level must 
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14-1. 


The Trukold cycle and burners. 
(Montgomery Ward] 


be kept up to the indicated level, es- 
pecially just before lighting. The kero- 
sene burners must be clean, dry, and 
in good condition. They must be filled 
to the correct indicated level and must 
be in a level position when burning or 
an improper flame will result. No ob- 
structions should be placed over the 
heating flue as this will restrict the 
efficiency of the cycle. 


14-4. TRUKOLD 


Another kerosene-fired absorption 
refrigerator was distributed by Mont- 
gomery Ward. This refrigerator was 
intermittent in operation; it used am- 
monia and water as the refrigerant 
and absorbent. A kerosene stove was 
located under the box and the heating 
flue was behind the box, Fig. 14-1. 

Note the location of the liquid am- 
monia receiver inside the insulation of 


CONSTRUCTION FEATURES 


the cabinet behind and above the cool- 
ing coil. This location is to prevent the 
receiver from acting as the cooling 
coil. The burners are mounted on racks 
to make shifting of them very simple. 
The water reservoir must be kept 
filled to the correct depth at all times. 
14-5. ICY-BALL 

A refrigerator, called the Icy-Ball, 
was made by the Crosley Corp. It was 
an insulated box with a top door (chest 
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14-2. The Icy-Ball refrigerator. 


model), and a portable generator and a 
cooling unit, Fig. 14-2, It is the ab- 
sorption type and operates as follows: 
each refrigerator is provided with a 
kerosene stove and a water bucket. To 
start operating, place the generator 
over the lighted stove and the cooling 
unit in the bucket filled with cold water 
for about 90 minutes. Then place the 
cooling unit in the refrigerator box and 
the generator out in the open air, Re- 
frigeration will be obtained for about 
24 to 36 hours, Fig. 14-3. An insert 
in the cooling unit is provided with an 
ice-tray to make ice cubes, The unit 
weighs 39 pounds and is inexpensive 
to operate. It uses ammonia as the re- 
frigerant and water as the absorbent. 
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14-6. CONTINUOUS TYPE 
ABSORPTION SYSTEMS 


The continuous type absorption sys- 
tem has been used in the United States 
since about 1927. Two systems have 
been manufactured, The Servel system 


14-3. The refrigerating mechanism used in the Icy-Ball 
Refrigerator. 


originated in Sweden and the Servel 
Inc. organization has the manufactur- 
ing rights. The Faraday unit was made 
during the early 30’s. It was not a true 
continuous system but operated the 
generating and freezing portions of the 
cycle automatically. 

The continuous absorption system 
is one that can simultaneously con- 
dense and evaporate the refrigerant. 


14-7. THE SERVEL ABSORPTION 
SYSTEMS 


As explained in Chapter 13, the Ser- 
vel system operates on the principle 
of Dalton’s Law of partial pressures, 
The Servel has been manufactured in 
three basic styles. The original unit 
used water to cool the condenser and 
the absorber, In Europe, an electric 
heating element was used, while in the 
United States all the units were heated 
with artificial or natural gas. The 
water-cooled units were produced be- 
tween 1927 and 1933. 

In 1934 and 1935, a secondary cool- 
ing system was used in place of water 


326 


cooling. The ammonia condenser was 
air cooled and the absorber was cooled 
by a methyl chloride coil and the hot 
methyl chloride was in turn cooled by 
an air cooled condenser located just 
beneath the ammonia condenser. 
Starting in 1936, the secondary sys- 
tem was discontinued and both the am- 
monia condenser and the absorber are 
now directly air-cooled. See Fig. 14-4. 


14-8. THE SERVEL WATER 
COOLED SYSTEM 


The first absorption refrigeratorto 
become popular on the market was the 
Servel. In both Chapters 13 and 15 the 
operation and control of the Servel re- 
frigerator are discussed in detail. In 
Chapter 13 the cycle is discussed, 
while in Chapter 15 the valves and their 
adjustments are explained. 

Gas is used to supply the heat ener- 
gy necessary for operation, and water 
is used as the cooling medium. When 
connecting the refrigerator to the 
sources of supply of gas and water, 
valves both manual and automatic must 
be installed. A manually adjustable 
pressure reducing valve, a Strainer, 
and a manual shut-off valve are in- 
stalled in the water line. A pressure 
reducing valve, a manual shut-off valve, 
a strainer, an automatic temperature 
shut-off, a temperature control, anda 
safety cut-out are installed in the gas 
line to handle the gas supply to the 
burner. 

The Servel, besides being offered 
in the domestic cabinet, is also ob- 
tainable in water coolers. 


14-9. THE AIR COOLED 
ELECTROLUX SYSTEM 


Servel, Inc. announced their second- 
ary system air-cooled unit in 1933 and 
continued the model with cabinet re- 
finements in 1935, 

The Servel air-cooled unit is charg- 
ed with a small quantity of aqua-am- 
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monia (distilled water and ammonia) 
and hydrogen. The charge distributes 
naturally in the unit; the liquid seeks 
the lowest levels and the hydrogen and 
ammonia gas fill the remaining space. 

Referring to Fig. 14-4, ‘the appli- 
cation of heat at the’ generator, am- 
monia vapor is driven from the strong 
solution, is raised through the pump 
tube to the weak liquid separator. Am- 
monia vapor withtraces of watervapor, 
is driven off in the separator, leaving 
the aqua-ammonia solution compara- 
tively weak inammonia (weak solution), 
The hot ammonia vapor then passes 
from the separator to the condenser, 
When the hot ammonia vapor reaches 
the condenser it is liquefied by cool- 
ing. The condenseris finned, and natur- 
al convection produces a steady flow of 
air over it. The liquid ammonia main- 
tains a level in the condenser, causing 
the liquid ammonia to flow into the 
cabinet evaporator. The ammonia evap- 
orates and absorbs heat inthe evapora- 
tor. 

An atmosphere of hydrogen gas, 
continually sweeping the surface of 
liquid ammoniainthe evaporator, keeps 
removing the ammonia vapor and 
causes continued evaporation. Theam- 
monia vapor thus formed in the evap- 
orator mixes with hydrogen gas, and 
the mixture is made to flow through the 
evaporator. The long column of heavy 
gas, rich in ammonia (ammonia and 
hydrogen mixture) readily overbal- 
ances the short column of heavy gas in 
the evaporator, thereby causing the de- 
sired flow in the cooling coil. A flow 
of weak solution, being returned from 
the generator, contacts the ammonia 
and hydrogen gas mixture entering the 
absorber, and the ammonia is dis- 
solved. The hydrogen being light re- 
turns to the evaporator. 

The heat, which is liberated by ab- 
sorption of ammonia in the absorber 
is carried away by air cooling. From 
the absorber the strong solution is re- 
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turned by gravity to the generator. Con- 
tinued refrigeration is merely a repeti- 
tion of this cycle. 


F FINNED SECTION 


FREEZER | 
SECTION | 


aaa; -— 
& 


14-5. An air-cooled Servel System which uses a kero- 
sene burner as the heat source. 


The refrigeration mechanism that 
contains the ammonia is made of weld- 
ed steel. The fins on the ammonia con- 
densers are made of copper, although 
the tubing is steel. The gas controls 
are almost identical with those used in 
the water-cooled unit (Chapter 15). 

several different types have been 
manufactured. The refrigerators can 
be obtained with: 

1. Gas heat 

2. Electric heat 

3. Kerosene heat, Fig. 14-5. 

Another difference in the models is 
the type of generator. These genera- 
tors have been made in both horizontal 
and vertical models. 

Fig. 14-6 illustrates a late model 
Servel unit with an across the top 
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freezer. The freezer inner door is 
open. A phantom view of a Servel re- 
frigerator with a horizontal generator 
is shown in Fig. 14-7. 

The units are now equipped with 
automatic defrosters and some of the 
units use an automatic ice cube maker, 
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14-6. A late model Servel cabinet. Note the across-the- 
top freezer. This cabinet uses a kerosene burner that is 
located in the base of the cabinet. 

(Servel, Inc.) 


The electrical system for the more 
recent Servel units is shown in Fig. 
14-8. 


14-10. THE FARADAY SYSTEM 


The Faraday Absorption Refrigera- 
tor was built by the Faraday Refrigera- 
tor Corp. It was of the solid absorbent 
type. The generator or absorber as- 
sembly was built as a complete unit 
which is located either in the bottom 
of the refrigerator cabinet, installed 
remotely, as installation conditions re- 
quired. 

The evaporator or cooling unit was 
of the plate type, and so arranged that 


each ice tray came directly in contact 
with a section of the cooling unit con- 
taining liquid refrigerant. 

The Faraday refrigerator required 
a water and gas supply and employed 
adjustable valves to cut down and main- 
tain constant pressure in both the sup- 
ply lines. As explained before, the 
Faraday cycle was intermittent; there- 
fore the main gas burner operated only 
a portion of the time. This necessitated 
a constant pilot burner and suitable 


||: | control devices to open and close the 


gas supply to the main burner at the 
proper time. 


14-7. A Servel refrigerator showing the installation of 
a horizontal generator unit. 
(Servel, Inc.) 


14-11. THE GENERATING PERIOD 


As in the original Faraday experi- 
ment, the gas burner forced the am- 
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14-8. The electrical circuits on the Servel. This model hag both automatic defrost and automatic ice cube maker. 


monia over to the other portion of the 
system, but the method of transferring 
the refrigerant was more involved than 
in the original setup. 

First of all, in order to give a uni- 
form heat application to the ammonia 
in the absorber generator, a steam 
bath of a low boiling temperature 
liquid, called F-11, was used. 

From the illustration it may be 
seen that as this vapor became heated, 
its pressure rose; as the valve in this 
vapor circuit was closed, the vapor was 


locked in the chamber constructed 
around the ammonia absorbent. 

As this vapor heated the heat was 
transferred to the absorbent powder, 
released the ammonia in gaseous form, 
which passed up into the water-cooled 
condenser. From here the ammonia 
passed on through the liquid line to 
the cooling unit, where it was stored. 

However, because ammonia gas 
condenses at the coolest point of its 
circuit, a provision had to be made so 
the condensation would take place in 
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the condensing unit rather than in the 
cooling unit, which was naturally very 
cold, being inside the refrigerator box. 
All that was necessary was a pres- 
sure-controlled needle valve in the 
ammonia line which would prevent the 
ammonia from seeping into the cooling 
unit until its pressure has reached that 
point where it was condensable at the 
temperature of the cooling water. When 
this pressure was reached the valve 
would open and allow the condensed 
ammonia to collect in the cooling unit. 


14-12. ABSORBING PERIOD 


After all of the ammonia had been 
driven into the cooling unit, some 
method had to be employed to shut off 
the gas burner. The method used was 
very simple. 

When all of the ammonia had been 
driven from the absorber there was 
nothing to remove the heat applied to 
the absorber and naturally the vapor 
surrounding the absorber became hot 
and developed a higher pressure. This 
pressure operated upon the F-11 vapor 
valve and when it had become high 
enough forced it open, shutting off the 
gas supply and allowing the F-11 vapor 
to recirculate. 

The opening of this valve naturally 
caused a great drop in the F-11 pres- 
sure and due to its original spring 
pressure it tends to close. This, how- 
ever, was prevented by a triparrange- 
ment and lock. 

It will be noticed from the main 
diagram that the absorber heating med- 
ium, the F-11, was so circulated that 
it came in contact with the condensing 
water. When the vapor valve was open- 
ed and this heat transfer gas allowed 
to recirculate, the absorber became 
surrounded immediately with a cold 
fluid. This caused a very rapid drop 
in the temperature of the ammonia ab- 
sorbent in the absorber, which natur- 
ally put this absorbent in a position to 


reabsorb the ammonia driven away 
from it. This it did as rapidly as it 
could. If it were allowed to reabsorb 
the ammonia uncontrolled, a very low 
temperature would be achieved in the 
refrigerator box. 

However, this was prevented by the 
temperature control unit and storing 
unit as illustrated. This unit operated 
as follows: It had a valve bellows and 
a spring tension manually adjusted 
which allowed the evaporated ammonia 
gas in the cooling unit to go back to the 
absorber and be reabsorbed only after 
the gases reached a certain pressure 
corresponding to the freezing tempera-= 
ture desired in the cooling unit. 

When this pressure had been reach- 
ed, it overcame the spring tension on 
the bellows; the valve opened and then 
closed again after the pressure had 
dropped. 

Because this valve was manually 
adjustable, a temperature ranging from 
about 0 F. to 20 F. was obtainable in 
the cooling unit. This continued until 
the generator had reabsorbed as much 
ammonia as possible after which the 
pressure in the absorber approached 
the pressure of the cooling unit. 

When this condition was reached it 
was desired that the gas valve be re- 
opened. This was accomplished by in- 
stalling a pressure bellows valve inthe 
ammonia line, which was attached tothe 
trip arrangement on a combination gas 
and F-11 vapor pressure valve, 

This was designed so that, as pres- 
sure rose in the line located between 
the temperature control valve and the 
absorber, the bellows contracted and 
tripped the gas valve arm, which was 
already under spring pressure. It re- 
opened simultaneously with the closing 
of the vapor valve which was attached 
to the same arm. 

From the above explanation it will 
be seen that there were three liquids 
used in the system--ammonia as the 
refrigerant, F-11 (trichloromonofluor-~ 


332 


dmethane) which was the heat transfer 
‘luid or bath surrounding the absorber, 
and water which was used to condense 
Soth of the above liquids. 
| The system used about three pounds 
of ammonia and two pounds of F-11. 
These were, of course,~sealéd in the 
system. 
The temperature control valve and 
a gas trip valve were also designed 
as service valves. The one (tempera- 
jture control valve) was used toseal the 
cooling unit and the pressure trip valve 
sealed the absorber generator unit. 
Whenever a remote installation was 
made, the chief precaution to take was 
in connection with the installation of the 
tubing connecting the above two valves, 
This tubing had to be dehydrated, that 
is, freed from water. It also had to be 
very clean, After hooking up this tubing 
to the two valves, it had to be sealed 
tightly to the temperature control valve 
and only loosely to the gas trip valve. 
The temperature control valve was then 
opened a little and the added tubing 
purged; that is, cleared of air by the 
ammonia leaking out. Then the connec- 
tion of the gas trip valve was sealed. 

If by chance the gas pilot light were 
extinguished, by becoming clogged or 
smothered, a thermostatic control at- 
tached to a gas valve in the circuit 
and the cooling of this thermostatic 
valve tripped to shut off the gas sup- 
ply. 

The water supply was practically 
continuous, because part of the time 
it was used to cool the ammonia vapor 
and the remainder of the time to cool 
the heat transfer fluid. However, the 
amount of water flowing was so con- 
trolled by actual requirement that the 
minimum amount was used most of the 
time. 

The water valve was mounted onthe 
side of the absorber assembly at the 
rear so that connections could be con- 
veniently made. The inlet water en- 
tered the opening (A) and passed from 
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the valve chamber to the condenser 
past the water valve. The water then 
flowed through the condenser cham- 
ber, returning to the opposite end of 
the water valve. 

Surrounding this bellows was a 
liquid which expanded and contracted 
with the temperature of the outlet 
water. This expansion and contraction 
of liquid caused the metal bellows to 
move, operating the water valve. Any 
changes of temperature of the dis- 
charged water would change the ad- 
justment of the valve; that is, if the 
discharged water became too hot, the 
water supply valve would be opened 
farther or if it became too cold, the 
valve would be closed more. 


The gas supply was controlled by a 
leather valve and the gas, before it 
passed through this valve into the 
burner, was passed through a filter. 

A further safety feature was in- 
troduced in a safety device operating 
on the thermostatic strip controlling 
the gas operating valve. This device 
was so arranged that if the absorber 
assembly reached too high a tempera- 
ture, either from the failure of water 
supply or any other unusual condition, 
the device would trip the gas valve 
and shut off the gas supply. 


14-13. REVIEW QUESTIONS 


l. What three substances are used 
inside a Servel mechanism? 

2. What was the purpose of the 
F-11 inthe Faraday? 

3. Why was a pilot flame used in 
the Faraday? 

4, Why was copper tubing used in 
the Faraday? 

5. How was the Faraday water valve 
manipulated? 

6. What did the water cool during 
the freezing portion of the Fara- 
day cycle? 

7. What two purposes did the tem- 
perature control valve serve in 
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the Faraday? 


. What is methyl chloride used for 


in the secondary-cooled Servel? 


. What precautions must be taken 


with the kerosene in the inter- 
mittent units? 

How is the cabinet temperature 
adjusted in the Servel refrigera- 
tor? 

Why are two cooling coils used 
on the air-cooled Servel refrig- 
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erator? 

Why was the liquid receiver in 
the Trukold placed above the 
cooling coil? 


What was the refrigerant used 
in the Crosley Icy-Ball refrig- 
erator? 


What was the purpose of the tank 
on the top of the Superfex re- 
frigerator? 


Chapter 15 


fa 


- „SERVICING 
ABSORPTION SYSTEMS 


The absorption systems differ only 
in the mechanism for producing refrig- 
eration. The cabinet constructionis al- 
most identical to the mechanical re- 
frigerator cabinet and the installation 
and care of these cabinets is explained 
in Chapter 9. 

15-1. GENERAL INSTRUCTIONS 

The absorption refrigerator is a 
device to move heat from the interior 
of the cabinet to the outside of the 
cabinet. This outside heat is trans- 
mitted to the air and this air must be 
removed from the vicinity of the cabi- 
net to allow cooler air to receive heat 
from the condensers. 

Also the kerosene or the piped gas 
when burned form carbon dioxide gas 
(harmless) and steam vapor (harm- 
less). However, to provide good air 
flow past the burner, these products 
of combustion must be moved away 
from the cabinet. Because warm gases 
rise, the absorption cabinets must have 
proper air flow space beneath, in back, 
and over the top of the cabinet. 

Inside the mechanism the liquids 
flow by gravity and the mechanism 
must be properly leveled or the move- 
ment of the liquids and gases inside 
the unit will be uncertain. 

The condensers and flues of the 
unit must be kept clean to allow proper 
air flow and flue gas flow. It is recom- 


mended that the condensers and flues 
be cleaned at least twice each year. 


15-2. LOCATION OF 
REFRIGERATOR 


One should be careful in regards 
to locating the absorption refrigera- 
tor, Fig. 15-1. 

1. It must be away from the sun or 
any other source of heat, for econo- 
mical refrigeration, 

2. It must be conveniently located 
indoors for efficient use. 


FULL PROJECTION 


15-1. The proper location of an absorption refrigerator 
to allow good air circulation. 
(Servel, .Inc.) 
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3, It must be placed in a room that 
has sufficient air movement to provide 
enough air for combustion and cooling. 

4, It should be as near as possible 
to a gas supply if piped gas is to be 
used, 

5. It must be mounted on a firm 
floor to maintain its position. 

6. It must be mounted with the unit 
level to allow the mechanism liquids 
and gases to flow properly. A spirit 
level must be used to check for unit 
level. It is more important to level 
the cooling coil and the burner than it 
is to level the cabinef. 


KI Ae KEROSENE GAUGE 


poeeme 


15-2. An absorption system kerosene burner. 
(Servel, Inc.) 


15-3. AIR CIRCULATION 


The air circulation is very import- 
ant. Air must be able to freely enter 
the burner space and the condenser 
space. This same air must be able to 
return to the same room. If the air is 
ducted to another room or outside, air 
pressure changes may seriously hamp- 
er the operation of the flame. 

Good air circulation can be easily 
obtained by allowing at least a 2 in. 
clearance in back of the refrigerator 
(small spaces may be used). At least 
12 in. clearance must be provided above 
the cabinet to allow adequate escape of 
the condenser air and combustion prod- 
ucts. 


15-4. INTERMITTENT SYSTEMS 


The intermittent systems that usea 


kerosene burner require very little 
servicing. They are manual in opera- 
tion and eliminate controls by having 
the owner refill and light the kerosene 
burner. The previous instructions 
about air circulation and location of 
the cabinet also pertain to the kero- 
sene heated units. 


15-5. PROPERTIES OF KEROSENE 


The kerosene needed with kerosene 
fired absorption units should be of the 
highest quality. It must burn as clean- 
ly as possible to eliminate fuel odors 
and soot deposits in the flue. Kerosene 
is a hydro-carbon and when properly 
burned the products of combustion are 
carbon dioxide and steam. However 
those kerosenes with the higher flash 
point (up near 140F) are more likely 
to contain heavy carbons that may form 
free carbon or soot (amorphous car- 
bon) on the flue or this soot may escape 
into the air. The kerosene has a heat 
value of about 19,000 Btu. per pound. 


15-6. KEROSENE BURNERS 


The kerosene burners used in the 
intermittent absorption refrigerators 
are of standard construction. A circu- 
lar (cylindrical) asbestos wick carries 
the liquid kerosene by wetting action 
up to the upper edge of the wick. The 
height of the wick is adjustable. This 
wick should be in good condition, that 
is, it must be charred and then trim- 
med to match the guides. The wick must 
be perfectly level to its adjustable ring 
and the complete unit must be level, 
Figure 15-2, 

The correct flame, a blue flame 
with faint yellow tips is obtained by 
first raising the wick, igniting it, and 
then lowering the wick until the cor- 
rect flame is obtained. 

The burner must be accurately fitted 
to the generator flue. The distance must 
be closely adjusted. If the flame is too 
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far away, the flame will not be efficient 

because of excess air. If the burner is 

too close there will be insufficient air 
* for good combustion. 
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15-7. FLUES = 
oo a am 
The heat from the burners must be 


efficiently transmitted into the genera- 
tor. The kerosene flame and the hot 
gases from it are conducted along a 
flue that extends around the generator 
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15-3. 


The refrigerating system for a kerosene burning 
domestic refrigerator. 
(Servel, Inc.) 


or through it. These flues sometimes 
have spiral metal fins inside them to 
make the hot gases more efficiently 
give up their heat to the flue walls. 

Because these flues carry the com- 
bustion gases they must be kept open 
or the combustion will not be complete. 
The flues must also be kept clean or 
much of the heat will be lost by poor 
heat transmission into the generator. 
The flue should be cleaned at least 


twice each year. Special flue brushes 
should be used for this purpose. 


15-8. CABINET CARE 


The cabinets are serviced exactly 
like those described in Chapter 9. The 
cabinet leveling devices are the same, 
the door gaskets, and the door hard- 
ware is much the same, the shelf ar- 
rangement and design are the same. 

Porcelain interiors and enamel ex- 
teriors are just like the other cabi- 
nets. The door gaskets can be checked 
for leaks with a light bulb. 


15-9. CONTINUOUS SYSTEMS 


At the present time there is only 
one continuous absorption system in 
the domestic refrigeration field. The 
Servel (or Electrolux as it used to be 
called). These units receive theirener- 
gy from piped gas (either artificial or 
natural), bottled gas, electricity or 
kerosene, Fig. 15-3. 

The piped gas systems are equip- 
ped with gas pressure regulators, ther- 
mostats for controlling flame size, 
burners and burner safety shut-offs. 

There are now 56 different model 
R-4000 series available for replace- 
ment purposes for units dating as far 
back as 1933. No units were made dur- 
ing World War II 1943-44, and 45. 

These units contain less than two 
pounds of ammonia and use the Platen 
Munters system as devised and patent- 
ed by the two Swedish scientists. A five 
cubic foot refrigerator unit contains 
about 1.1 pounds of ammonia, 2.6 pounds 
of water and 0.03 pounds of hydrogen. 


The refrigerators carry twoidenti- 
fication plates. One plate is located in 
the control compartment and this one 
is the cabinet identification plate. The 
other plate is located in either the 
frozen food compartment or the con- 
trol compartment. The latter has the 
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heading ‘‘Absorption Refrigerating 
Unit.” 

The units are factory tested to 800 
psig. which is about four times their 
operating pressure. 

Each unit serial plate has the Btu 
rating of that system recorded on it. 

The burner and the necessary con- 
trols are about the only parts that may 
need adjustment or replacement. If, 
however, a unit fails to operate andthe 
trouble is not found to be in the burner 
or controls then the entire unit should 
be replaced. This is easily accom- 
plished by removing the back from the 
cabinet, disconnecting the gas supply 
and electrical circuits and removing 
the entire assembly and replacing it 
with a new one. 


15-10. GAS SUPPLY 


The fuel most commonly used for 
the absorption system refrigerators is 
city or illuminating gas, although elec- 
trical heating elements are sometimes 
used. It must be clean fuel in order to 
prevent a pollution of the burner or 
deposit on the burners. The cleaner the 
fuel the less frequently the burners 
have to be cleaned. 

The piped gas refrigerators should 
be supplied with gas under a steady 
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15-4. The gas line installation of an early model Servel 
refrigerator. 
(Servel, Inc.) 


pressure and should have a special 
burner for each type of gas. The gas 
must be strained before being admitted 


to the burners and must also have a 
pressure regulator to insure an un- 
varying pressure on the burner, Fig. 
15-4. 

It is good practice to become ac- 
quainted with the local rules oninstalla- 
tion of these refrigerators before at- 
tempting to install them. 

In all cases of burner difficulty, 
a check should be made to determine 
that the burner being used is the cor- 
rect one for the gas used. 

The four different gases in use asa 
fuel for the Servel units are: 

Artificial gas (425 to 600 Btu per 
cu, ft.) 

Natural gas (600 to 1600 Btu per 
cu. ft.) 

Liquid petroleum (LP) gas (1600 
Btu per cu. ft.) 

Propane gas (1600 Btu per cu. ft.) 

Butane gas (1600 Btu per cu. ft.) 


15-5. The ''Klixon" valve and the burner used on the 
older model Servel units. A. Gas in; B. Poppet valve; C. 
Poppet valve stem; D. "Klixon" snap button; E. Retaining 
housing; F. Klixon disk heater; G. Gas passage to the 
burner; H. Manual adjusting screw for maximum gas 
flame; |. Seat cap; J. Spring; K. Gas nozzle; L. Screen; 
M. Screen retainer; N. Screen retainer screw; O. Burner 
venturi; P. Burner cap. 
(Servel, Inc.) 


15-11. CONTINUOUS SYSTEM 


CONTROLS 


The method of heating may be by 
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gas, liquid fuels, or electricity. At 
present gas is the most popular, and 
the method of controlling the supply 
is explained later. 

Aside from cabinet care and clean- 
ing, the only service (outside the fac- 
tory) that may be needed onthe refrig- 
erator are heating controls. The ad- 
justments determine the efficiency of 
the unit to such a great extent that 
these must be done carefully. 

Heating gas valves are used in the 
absorption system to enable the auto- 
matic control of the amount of the heat- 
ing gas. 

The systems use a continuous gas 
flow. 

The refrigerators must have a heat- 
ing gas control of some kind. The Ser- 
vel being of continuous operation, hasa 


15-6. The secondary system air-cooled Servel ther- 
mostatic gas control. B. Maximum flow valve; C. Maxi- 
mum flow valve spring assembly; D. Thermostatic dia- 
phragm; |. By-pass outlet; J. Body gasket sealing dia- 
pees: L. Burner lighter passage; M. Opening to 
urner lighter; N. Burner lighter valve; O. Burner lighter 
valve stem; P. Burner lighter valve stem; Ọ. Burner 
lighter push button; R. Burner lighter cap; S. Gas out- 
let; T. Thermostat adjusting screw; U. Thermostat 
adjusting screw knob; W. Set screw; X. Diaphragm and 

bulb assembly. 

(Servel, Inc.) 


gas volume control and a safety con- 
trol. A disk valve ‘‘Klixon,’’ tempera- 
ture-controlled by the flame itself, will 
automatically close the gas supply if 
the flame goes out, Figure 15-5, A bulb 
pressure-temperature control located 
at the cooling unit controls the amount 
of gas burned according to the needs 
of the refrigerator, Figure 15-6. 
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It is seen from the above explana- 
tion that a great deal of the successful 
operation of domestic refrigerators is 
dependent on the functioning of the 
automatic control valves; it is obvious 
that the more the service man knows 
of these valves and their troubles and 
remedies, the less difficult the ser- 
vicing operations will be. 

It is also important to know about 
these controls for the reasonthey must 
always beinexcellent conditioninorder 
to give satisfactory, dependable ser- 
vice, It cannot be emphasized too much 
that these valves are the control board 
for the refrigerator. 

The Servel generally has its heat 
energy supplied by a gas burner. Sever- 
al different methods have been devised 
for the regulation and control of this 
gas. In the Servel refrigerator, be- 
tween the gas main and the operation 
controls of the refrigerator, are placed 
a manual shut-off valve, a strainer, 
and a pressure-regulating valve. As 
explained previously, the Servel oper- 
ates on the continuous cycle andthere=- 
fore gas is continually being consumed. 
However, to take care of variations of 
demand on the refrigerator itself, the 
amount of gas fired must be automatic- 
ally controlled. This is done by theuse 
of a pressure control valve operated by 
a power element located at the cooling 
unit. As the cooling unit warms up, the 
gases in the power element expand, and 
pressing upon a diaphragm in the con- 
trol valve, open the gas control, which 
allows more gas to escape to the burn- 
ers 

The larger flame speeds up the cycle 
in the mechanism and continues to speed 
it up until the cooling unit has again be- 
come cold enough. 

As the cooling unit cools, the power 
element located there will cool, reduc- 
ing the pressure on the gas valve dia- 
phragm. This reduction closes the heat- 
ing gas opening, somewhat reducing the 
size of the flame. This valve operates 
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similar to atemperature controlled ex- 
pansion valve. Turning the adjustment 
clockwise or in, reduces the gas supply. 

The Servel people have designed a 
unique valve for preventing useless 
waste of gas in case the flame should 
be extinguished. This valve is of the 
dished-button type andis thermostatic- 
ally controlled, Figure 15-7. Being 
located adjacent to the flame it re- 
mains hot as long as the gas is ig- 
nited, but if the flame is extinguished, 
this disk will become cold; it is so de- 
signed that if it does it will snap and 
become dished in the other direction. 
This movement closes a valve in the 
gas line, completely shutting off the 
supply of the gas. If this happens, the 
only method possible of re-igniting the 
gas is to heat up this ‘‘Klixon”’ disk in 
order that it will open the safety valve 
again. This may be done with a match 
and a special burner push button mount- 
ed on the thermostat body provided for 
this purpose. 


7S 


15-7. A safety shut off valve. This valve will close the 
gas line if the gas flame should accidentally be ex- 
tinguished. A. Shows the valve in closed position; 8. 
Shows the valve in open position. 
(Servel, Inc.) 
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Each refrigerator has an automatic 
pressure control for maintaining a con- 
stant gas pressure. This valve reduces 
the fluctuation in pressures which al- 
ways exist in the gas mains all over 
the country to a minimum. The supply 
of gas must be very constant when be- 
ing fed to the Servel. 


15-12. CONNECTING UNIT 


The gas lines must be installed ac- 
cording to the local building laws, 
plumbing codes and recommendations. 
One should use the best materials 
available; all new materials; and the 
best craftsmanship. 


15-8. A gas line installation for a Servel gas refrig- 
erator. This installation varies as to the type generator 
used. 


The gas line should be either 3/8in. 
O. D. copper tubing (soft) or 3/8 in. 
O. D. annealed aluminum tubing. The 
tubing should be attached to the main 


il gas line as close to the refrigerator 


as possible. The tubing must be pro- 
tected from abuse. It should be pro- 
tected from kinking or bending and it 
should be protected from heavy objects 
to prevent crushing. A hand shut off 
should be installed between the main 
gas line and the tubing. 

At the refrigerator end the tubing 
has a hand shut off cock. The tubing 
is fastened by means of the 45° SAE 
flare to the end fittings, Figure 15-8. 

A strainer is mounted at the outlet 
of the shut-off cock. This straineris of 
very fine mesh and it removes any dust 
or dirt that might injure the pressure 
regulator and thermostatic control. 
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The gas now passes througha pres- 
sure regulator to the thermostatic con- 
trol, then to the burner. 

~ After the installation is complete 
all the joints must be tested for leaks 
with a soap and watery solution while 
under pressure and before.Ifghting the 
burner. 


15-13. PRESSURE REGULATING 
VALVES 


The purpose of the pressure regu- 
lating valve is to supply a steady flow 
of gas to the burner. If the burner gas 
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15-9. A pressure regulating valve for gas. A. Shipping 
pin; B. Gas in; C. Gas connection to the thermostatic 
control; D. Flexible diaphragm; E. Weights; F. Valve and 
seat; G. Bleeder Connection; H. Valve cap. 
(Servel, Inc.) 


pressure should change, the flame 
would change and may even be extin- 
guished. 

The pressure regulator both re- 
duces the pressure and provides a con- 
stant gas pressure, Fig. 15-9. 

Liquid petroleum (LP) gases do not 
need a pressure regulator at the re- 
frigerator because the pressure re- 
gulator mounted on the LP cylinder 
performs the same duty. 

The pressure regulator operates 
much as an expansion valve does. The 
outlet pressure presses against a dia- 


phragm (synthetic rubber, fabric rein- 
forced) and if the pressure attempts 
to lower the diaphragm will move, 
opening the gas valve allowing more 
gas to flow. The increased gas flow 
will press the diaphragm up tending 
to close the valve. The pressure regu- 
lator is very delicate. It is accurate to 
1/100 of an inch water pressure. The 
pressures the regulator has to main- 
tain vary from 3.9 inches of water to 
1.6. This pressure needed varies with 
gas flow in cu-ft per hour. This gas 
flow is controlled by the orifice size 
in the burner. The pressure also varies 
with the density or specific gravity of 
the gas. The greater the gas flow the 
greater the pressure needed. The 
pressures must be adjusted to within 
.1 inch water pressure for good re- 
sults. 
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15-10. A diagram of the operation of the thermostat 
on the Servel refrigerator. 
(Servel, Inc.) 

The Servel company should be con- 
sulted in reference to the best gas 
pressures for each particular refrig- 
erator. They use different capacity 
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orifices to enable them to bring the 
units to maximum efficiency. 


15-14. THERMOSTAT 


The mechanism varies the amount 
of cooling by varying the amount of 
heat. The more heat fed to the genera- 
tor the cooler the evaporator will be- 
come, A thermostat is used toperform 
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15-11. The Servel thermostat showing adjustments and 
lighter push button. 
(Servel, Inc.) 


this job. A thermal bulb clamped tothe 
cooling coil will create pressure if the 
cooling coil becomes warmer. This 
pressure is carried to a diaphragm 
by a capillary tube. An increase of 
pressure in the diaphragm opens the 
gas valve and more gas flows to the 
burner, Fig. 15-10, 

The increased cooling resulting 
from the added heat will cool the 
thermal bulb and the diaphragm pres- 
sure will decrease, closing the valve. 
This control was put on 1947 models 
and later. Note the capillary tube, the 
temperature adjusting knob on the top 
of the body, and the minimum and 
maximum devices located on the body, 
Fig. 15-11. 


The inner working of the thermo- 
stat is shown in Figure 15-12. This 
illustration shows the construction 
of the minimum and maximum flame 
adjustments, and also the details of 
the burner lighter mechanism. 

The amount of primary air is ad- 
justable, The outer casing of the burn- 
er, called the air shutter barrel, can 
be turned. It should be very carefully 
adjusted to give an all-blue flame just 
as the yellow disappears from the 
flame. Too much primary air will also 
give a blue flame but the flame cone 
will be sharp and the flames will hiss 
more sharply. 


15-15. BURNER 


The burner is the mechanism used 
to carefully mix the air with gas in 
the proper proportion and burn the 
mixture to provide the most efficient 
heat. It is basically a Bunsen type 
burner, Figure 15-13. 

The gas enters at the top, travels 
past the safety valve and passes through 
the turbulator, through the carefully 
sized orifice sperd, mixes with the 
primary air, burns at the end of the 
mixing tube where the secondary air 
and the heat enters the generator tube 
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15-12. A sectional diagrammatic view of the Servel 
thermostat. The gas flows from left to right. Note the 
burner lighter button and mechanism. 

(Servel, Inc.) 
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and flue. The fitting at the lower right 
(at the bottom) is the opening that is 
connected to a manometer to check the 
gas pressure, 

Four different pee of burners are 
available, each for ardiffe rent kind of 
gas. Type A is for fast’*burning gases 
and Type D is for liquified petroleum 
(LP) (bottled) gas. 

The turbulator is available in dif- 
ferent models; one groove type is for 
L P gases, the two groove type is for 
piped gases. 

The burner must be exactly the 
right distance from the generator flue 
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15-13. A sectional view of the horizontal type burner, 
the safety valve and the flame. 
(Servel, Inc.) 


to obtain the correct amount of se- 
condary air, Figure 15-14. 

The burner can be adjusted to the 
distance it is mounted from the gen- 
erator flue and it can also be moved 
to center the flame in the center of 
the generator flue. The flame must 
never touch the flue. Use a mirror if 
it is difficult to see the flame loca- 
tion. 

The products of combustion are 
harmless and there is no odor. 


15-16. BURNER SAFETY VALVE 


It is very unlikely the burner flame 
will ever be snuffed out. But if some- 
one should shut off the gas accidental- 


CORRECT SPACING ial 


The effect of burner spacing on the minimum 
flame. 
(Servel, Inc.) 


15-14. 


ly and then turn it on or if someone 
accidentally puts out the flame by 
spilling mopping water the burner has 
a positive safety device that prevents 
unburned gas from escaping. 

This safety valve is operated by 
the flame. A metal plate touches this 
flame and becomes quite hot. This 
heat is transmitted to a bi-metal disc, 
which will move with a snap action 
and open the gas valve when hot. If 
this disc cools somewhat the bi-metal 
disc will dish the other way pulling 
the valve shut and stopping all gas 
flow. 

It is important that the heat con- 
ductor strip be kept up against the 
outer edge of the flame. 
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15-15. The flue construction for both the horizontal and the vertical generator type Servel units. 
(Servel, Inc.) 


15-17. FLUE 


The flue is a circular passage 
through the generator and then up the 
back of the unit. Its purpose is to pro- 
vide passage for the flame gases. It 
must work efficiently to provide enough 
air movement to allow the flame to 
operate correctly, Figure 15-15. 

The first section of the flue is 
within the generator itself. This is the 
heat transfer surface and the hot gases 
must transfer as much heat as possible 
to the generator. A twisted metal flue 
baffle is inserted in this part of the 
flue to twist the hot gases to make this 
heat transfer efficient. 

This baffle is removable and mov- 
able, It can be used to clean out the 
flue periodically by moving in and out 
of the generator flue (it is best to turn 
the thermostat to minimum flame dur- 
ing this operation), 

The second section of the flue isthe 
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15-16. A semi-automatic defrosting thermostat for 
Servel units. 
(Servel, Inc.) 


flue extension. An air opening is pro- 
vided where the two meet. This open- 
ing permits dilution air to enter the 
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flue. This flue is basically the chimney 
and it must be kept clean to insure 
correct air movement. 

w 


15-18. AUTOMATIC DEFROSTER 


Several models of the „Servel con- 
tinuous system have defrosting devices. 

The semi-automatic defroster con- 
sists of setting the thermostat to a 
minimum flame (or defrost position) 
and when the cooling coil has defrosted, 
the thermostat will automatically start 
normal operation again, Figure 15-16. 

The automatic defroster is con- 
trolled by an electric timer. At what- 
ever time the owner prefers usually 
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15-17. A wiring diagram of the automatic defrosting 
system. 


(Servel, Inc.) 


in the early morning hours (1 a.m.) 
the electric clock stops the operation 
| of the thermostat and sends electrical 

energy through resistance wires locat- 
ed under the cooling coil. The heat 
from these wires quickly defrosts the 
outer portion of the cooling coil with- 
out disturbing the frozen foods within 
the coil. When the coil is defrosted, 
the system automatically returns to 
` normal operation, Figure 15-17. 


15-19. ICE CUBE MAKER 


Some of the Servel units have a 
device which automatically manufac- 
tures ice cubes as they are needed. 

A wire basket is used to hold the 
ice cubes. If this basket is not full, 
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an electrical circuit is closed which 
opens a water valve and fills the ice 
cube freezer trays. When the water 
is at the correct level, the water flow 
stops, Figure 15-18. Then when the 
water is frozen, a thermostat closes 
a heating circuit to loosen the ice 
cubes, a small electric motor rotates 
the ice cube apparatus and the cubes 
are unloaded into the basket. If the 
basket is still not full, the cycle is 
repeated. 


15-20. SERVICING THE SERVEL 


It is strongly recommended that one 
take training from a Servel service 
engineer before attempting to service 
the Servel units. 

The most important observation to 
be made in servicing the Servel gas- 
fired refrigerator is to determine that 
the gas furnished the refrigerator is 
supplied in the correct amounts and 
pressure. 


MOLD INLET : 
p TUBE r in SWITCH 


WATER 
STRAINER 


VALVE 


THERMOSTAT 


h i 


BOARD 


n | 
TANK 


15-18. The Servel automatic ice cube maker. 
(Servel, Inc.) 


The amount of gas fed to the re- 
frigerator may be checked by the size 
of the flame and may be adjusted by 
the use of the automatic temperature- 
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controlled gas valve which has a manu- 
al adjustment on it. Always check the 
gas pressure using the water filled 
manometer. The flue must be kept 
perfectly clean to allow a good trans- 
fer of heat. Brushes are used for 
cleaning the flue. 

The fins on the ammonia condenser, 
and, or the absorber must be cleaned 
periodically to insure good heat re- 
moval from these surfaces. 

First, temperature control dial set 
too cold which may be the case when 
the customer has not been properly 
instructed in its use. 

Secondly, the temperature of the 
cooling unit may be lower than that 
indicated by the temperature control 
dial setting. 

A time temperature graph should 
be taken of such a machine which will 
tell much more clearly what is wrong. 


15-23. LITTLE OR NO 
REFRIGERATION 


Little or no refrigeration may be 
due to an overloaded cabinet but if this 
is not the trouble, it may be due to one 
of the following: little or norefrigera- 
tion is due principally to either im- 
proper condensing temperatures, or 
little or no heating of the generating 
unit, If the condenser or absorber are 
dirt and lint covered, poor refrigera- 
tion will result, due to the high tem- 
perature of these two parts. 

If the gas supply has been shut off, 
or if the line has become clogged, re- 
sulting in a very small consumption of 
gas there is naturally little or no re- 
frigeration, This trouble may be traced 
by checking the gas pressures at the 
burner. 

Two other reasons for poor heat 
transfer or poor heating of the generat- 
ing unit are: a restricted gas flue, or 
an insulated gas flue. After a certain 
period of use the flue of the generator 
may become coated with a soot deposit, 


preventing a rapid transfer of heat 
from the gas flame to the generator 
body. This soot deposit should be re- 
moved periodically (1-2 months) to in- 
sure proper refrigeration and to re- 
duce gas consumption. 

When scraping the flue of a genera- 
tor or when removing the soot from 
any surface of the generator, consider- 
able care should be taken to prevent 
injury to the surface, Always put papers 
or a cloth under the refrigerator when 
cleaning the flues. The gas-fired and 
kerosene-fired refrigerators are 
equipped with flues to direct the hot 
gases around and away from the gen- 
erating units. Occasionally these flues 
are clogged by placing the refrigerator 
too close to the wall, by placing ob- 
jects over the opening, or by having 
some obstruction fall into it. These 
flues must be kept clean to insure 
proper functioning of the refrigerator. 

A Servel unit which has not been 
used for a period of time may refuse 
to freeze when started. To remedy this 
trouble, remove the unit from the cabi- 
net and invert it for approximately 1/2 
to 1 hour. Right the unit and install it 
in the cabinet. 


15-24. REVIEW QUESTIONS 


1. Why must the absorption unit be 
leveled? 

2. How is proper air flow obtained? 

3. Is kerosene sometimes used as 
the fuel for continuous systems? 

4. What is a flue? 

5. How is the gas pressure ina 
piped gas system measured? 

6. Why don’t L P systems need a 
pressure regulator in the base 
of the cabinet? 

7. How is the temperature regulat- 
ed in a piped gas continuous sys- 
tem? 

8. Why doesn’t the flame go out 
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when the cabinet is cold enough 
on the continuous piped gas sys- 
tems? 

9. What are the two basic causes for 


$ 
cd ` 
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10. 


insufficient refrigeration in a 
continuous system? 

How are some of the Servel units 
automatically defrosted? 


Chapter 16 


HERMETIC UNITS 


The hermetic refrigerator conden- 
sing unit consists of a mechanism 
which provides a single housing in 
which the motor and compressor are 
permanently sealed, These hermetic 
units may be grouped according to the 
following five general classifications. 

1. All the joints are soldered or 
welded and there are no service 
valves. 

2. All the joints are mechanical 
(assembled with bolts or screws) 
and there are no Service valves. 

3. All the joints are soldered or 
welded and there are service 
valves. 

4. All the joints are mechanical 
and there are service valves, 

5. Combinations of the above four 


types. 


16-1. DEVELOPMENT 

The refrigeration industry has long 
recognized the engineering and pro- 
duction problems involved in the de- 
sign, production and servicing of the 
conventional compressor crankshaft 
seal, A natural evolution was the elim- 
ination of the need for the compressor 
crankshaft seal by constructing the 
motor inside the compressor housing. 
This improvement has been dependent 
on the development of such things as 
insulating materials, refrigerants, 
motor designs and motor controls. The 
General Electric Corporation’s Moni- 
tor Top was the first hermetic unit that 
reached the market in large quantities. 


It was first introduced in 1926 and 
proved very successful. It was a sul- 
phur dioxide charged unit with a com- 
pressor and motor under a dome sur- 
rounded by the condenser, all mounted 
on top of the refrigerator cabinet. The 
system used a high side float re- 
frigerant control and had a magnetic 
relay starter. 

Several hermetics appeared on the 
market such as the Majestic, the Grun- 
ow and others during the period of 1926 
to 1934. In 1934the Frigidaire Corpora- 
tion introduced the Meter Miserintheir 
domestic units, The following six years 
found many ofthe manufacturers devel- 
oping the hermetic system. With the 
exception of the war time lag in pro- 
duction, this trend has continued. To- 
day, practically all of the domestic 
units are either full hermetics, partial 
or semi-hermetics. The units are being 
made more compact. The cabinets are 
refrigerated their full height, Figure 
16-2. They are either equipped at 
one extreme with two complete re- 
frigerating units, one for frozen foods 
and the other for regular refrigerating 
temperatures, or they may have a 
secondary evaporator and condenser to 
provide the refrigeration for the re- 
frigerator (non-freeze) compartment, 
or they may have but one cooling coil 
for both the frozen foods compartment 
and for cooling the cabinet. Figure 
16-1. All new models provide much 
more storage capacity, using the same 
Outside cabinet dimensions, than the 
older designs. This increase in storage 


348 


F 
‘ 


HERMETIC UNITS 


16-1. A late model refrigerator which has considerable 
more usable space as a result of the mechanism being 
made more compact. 

(Kelvinator Div., American Motor Corp.) 


capacity is due to the more compact 
refrigerating units and the more effec- 
tive and thinner insulation. 


16-2. TYPICAL HERMETIC 
CYCLES 


The hermetic units in use today are 
refinements of the units introduced in 
the 1940 and 1942 units with very few 
basic changes. Most of the condensing 
units are located in the bottom of the 
cabinet and use a split-phase motor 
connected to either a reciprocating or 
rotary compressor. The condenser is 
usually the natural convection type, 
called static condenser. The refriger- 
ant control is a capillary tube or a 
combination of the weight check valve 
and the capillary tube. The cooling coil 
is commonly made of aluminum or 
Stainless steel and provides consider- 
able volume and shelf space for frozen 
food storage, ice cube making and also 
cools the refrigerator cabinet. The re- 
frigerant lines are usually silver braz- 
ed in place and the unit is designed to 
be removed in one piece, usually from 


the back of the cabinet. The electrical 
system comprises a starting relay, 
several protective devices, a motor 
control; which in some makes has a 
clock-operated defrosting mechanism, 
a cabinet light, and a door switch. 
Various methods have been devel- 
oped to provide the two different tem- 
peratures required in refrigerators 
which incorporate frozen foods com- 
partments. It must be remembered that 
the frozen foods compartment tem- 
perature must be maintained at 5 F.or 
below. The other refrigerated com- 
partment temperature must not fall 
below 32 F. (usually maintained at 
35-45 F.). Below 32 F. many foods will 
freeze and be destroyed. The various 
methods of obtaining controlled tem- 
peratures in each compartment are: 


1. Air spill over using one cooling 
coil, Fig. 16-2. 
2. Refrigerant spill over using two 


16-2, A spill over from the frozen foods compartment 
refrigerates the normal storage cabinet. 
(Crosley Div., Avco Corp.) 
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cooling coils, Fig. 16-3. 

3. Two complete and independent 
refrigerating mechanisms, Fig. 
16-4, 

4. A secondary refrigerant system 
in which a secondary refrigerant 
in a closed system picks up heat 
in the refrigerator cabinet and 


16-3. Refrigerant spill over from the frozen foods coil 

refrigerates the normal storage cabinet. A. Compressor; 

B. Condenser; C. Low temperature cooling coil; D. High 
humidity cooling coil; E. Accumulator. 


16-4. This two temperature box is refrigerated by two 

complete and independent refrigerating mechanisms. 

A. Motor-compressor; B. Condensers; C. Low tempera- 
ture cooling coil; D. High humidity cooling coil. 


gives it up to the freezing com- 
partment coil, Fig. 16-5, Fig. 
16-6. 

5. A two temperature valve operat- 
ing on the refrigerator (highest 
temperature) coil, Fig. 16-7. 


A diagram of the cycle used ina 
cabinet which uses a frozen foods cool- 
ing coil and the fresh foods portion 
cooled by spilled air is shown in 
Figure 16-8. The condenser (2) is the 
static type made of tubing with wire 
heat dissipator fastened to it. The con- 
denser is mounted on the back of the 
cabinet. The capillary tube (3) and the 
suction line (6) are run together. The 
accumulator (5) is mounted on the 
cooling unit. The capillary tube is 
fastned to the cooling coil at (4). 

A refrigerator cycle with the fresh 
foods cooling coil and the frozen foods 
cooling coils connected in series is 
shown in Figure 16-9. The main re- 
frigerant control is a capillary tube (4) 


en See | 


16-5. In this refrigerator a single condensing unit is 

used; however, a secondary refrigerant in a closed sys- 

tem picks up heat in the refrigerator cabinet and gives 

it up to the frozen foods compartment coil. A. Motor- 

compressor; B. Condenser; C. Low temperature cooling 

coil; D. High humidity cooling coil; F. Secondary con- 
denser. 


and the refrigerant is fed to the fresh 
foods coil first. The pressure in this 
coil is kept higher than the pressure in 
the frozen foods coil by the resistance 
of the restrictor. The accumulator is 
shown at (7), the suction line at (8), the 
condenser at (3), and the discharge line 
from the compressor at (2). A special 
condenser (1) is located near the com- 
pressor to furnish heat to evaporate the 
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16-6. A refrigerating cycle that has a secendary cooling system equipped with a pressure operated 
temperature valve. |. Gaseous refrigerant. 2. Dry gaseous refrigerant. 3. Liquid refrigerant. 4. Liquid 
refrigerant in the cooling coil. When the cooling temperature rises, the control valve responds to 
the pressure rise and will open to allow more refrigerant to enter the cooling coil. 
(Gibson Refrigerator Co.) 
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16-7. In this refrigerator a two-temperature valve on 

the refrigerator coil (highest temperature) provides the 

two temperatures required. A. Motor Compressor; B. 

Condenser; C. Low temperature cooling coil; D. High 

humidity cooling coil; G. Refrigerant controls; H. Two- 
temperature valve. 


defrost water drained from the fresh 
foods cooling coil. 

A clever refrigerating cycle fora 
cabinet with a fresh foods cooling coil 
and a frozen foods coil is shown in 
Figure 16-10. 

The discharge gas from the com- 
pressor is first passed throughasmall 
condenser located in a flat position in 
the base of the cabinet. The heat from 
this condenser evaporates the drain 
water from the freshfoods cooling coil. 
The gas is then completely condensed 

jin a static condenser mounted on the 
‘back of the refrigerator. A capillary 
[tube then delivers reduced pressure 
liquid to the fresh foods cooling coil. 
A weighted valve keeps the pressurein 
the fresh foods evaporator higher than 
the pressure in the ice freezing shelf. 
An injector then delivers the remaining 
liquid refrigerant into the frozen foods 
cooling coil. Note that both ends of the 
frozen foods cooling coil are connected 
‘o the header or accumulator. The 
injector forces the liquid around and 
around the frozen foods cooling coil 
until it is allevaporated. The evaporat- 
ed refrigerant then returns tothe com- 
pressor by way of the suction line. 


16-3. REFRIGERANT CONTROLS 


Hermetic systems quite generally 
use either the high side float or the 
capillary tube refrigerant controlsora 
combination of both. These controls 
have proven very successful although 
both require a carefully measured 
refrigerant charge. 

The design, construction, and oper- 
ation of these refrigerant controls is 
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16-8. A refrigeration cycle using a shell type evapo- 
rator, (3 and 3) a capillary tube, (2) a wire type static 
condenser, (5) accumulator (6) suction line. 


(Hotpoint Co.) 


explained in Chapter 5. 


16-4. HERMETIC COMPRESSOR 
DESIGNS 


The development of hermetic com- 
pressors and their manufacture has 
required some of the most accurate 
craftsmanship our industry has pro- 
duced. Parts are being fitted to micro- 
accuracies under production condi- 
tions. There are two types of com- 
pressors in popular use, namely: 

a. The reciprocating compressor. 

b. The rotary compressor. 
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16-9. A refrigerating cycle with the fresh foods cooling 

and the freezer cooling coil connected in series. (I) de- 

frost water evaporator (2) discharge line (3) condenser 

(4) capillary tube (5) cooling coil connection (6) cooling 

coil (7) accumulator (8) suction line. The restrictor keeps 

the fresh foods coil at a higher pressure than the freezer 
coil. 


(Hotpoint Co.) 


Both are being produced in great 
quantity and are giving very quiet and 
efficient service. 

These compressors have been ex- 
plained in detail in Chapter 4. 


16-5. CONDENSER DESIGN 


There are several types of con- 
densers being used in the hermetic 
designs: 


a. Fan cooled finned type (forced 


convection). 

b. Natural convection finned con- 
denser. 

c. Natural convection plate con- 
denser. 


The use of a fanrequires a separate 
electric motor. The condenser is usual- 
ly made of copper tubing and copper 
fins, tin dipped. A shroud is put over the 
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16-10. A schematic diagram of a cycle with the fresh 
foods cooling coil and the freezer cooling coil in series 
and with a weight valve maintaining the pressure dif- 
ference. Note the auxiliary condenser for evaporating 
defrost water. The injector keeps the liquid refrigerant 
circulating in the freezer evaporator. 
(General Electric Co.} 


fan and condenser to increase the con- 
trol of air flow over the condenser, 
Fig. 16-11. Some companies install 


16-11. A serviceable hermetic condensing unit. A. Mo- 

tor-compressor; B. Shrouded condenser; C. Liquid re- 

ceiver; D. Fan. |. Suction service valve, 2. Liquid re- 
ceiver service valve. 


{Lynch Corp.} 
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condenser cooling and also todecrease 

the noise. These ducts are usually made 
» of some acoustic (noise absorbing sub- 

stance) such as felt, cardboard, etc. 

It is very important that these ducts 
remain intact and that the air flow does 
not become restricted. _ 

Condensers that do not use a fan to 
provide forced air are sometimes call- 


air-in and air-out ducts to improve the 
ed static condensers, Fig. 16-12. 
| 


16-12. A natural convection finned condenser. This 

unit has two service valves. The condenser is inclined to 

permit cool air to contact all parts of the condenser. 
(Tecumseh Products Co.) 


The plate condenser is the easiest 
of the three to manufacture and it is 
, also easiest to clean externally. How- 

ever, it is more bulky in order to have 
sufficient cooling area and takes up 
more space than the other two types, 
Fig. 16-13. 

Figure 16-14 illustrates a cycle 
diagram in which the condenser is in 
two parts. The high pressure gas from 
the compressor goes first through the 
oil cooler condenser. The heat from 
this condenser is used to evaporate the 
condensate from the box on the defrost 
cycle. The saturated high pressure 
vapor passes through a loop in the 
compressor to cool the oil, it is then 
cooled in the condenser and flows 
through the capillary tube and to the 
evaporator. 


16-13. A plate type hermetic system condenser. Note 
that the fee is attached to a (eee sheet of metal for 
maximum air contact and "chimney effect." 

{General Electric Co.) 


16-14. A domestic cycle diagram in which the con- 
denser is in two parts. Heat from the oil cooler con- 
denser is used to evaporate defrost condensate. 
(Crosley Div., Aveo Mfg. Co.) 
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16-6. COOLING COILS 


There are many cooling coil designs 
in use. The shape of the cooling coil 
depends to a great extent on the use of 
the coil, the space allotted to the coil, 
and the type of refrigerant control. 

These cooling coils may be made 
of copper, aluminum or Stainless steel 
with the latter two becoming increas- 
ingly popular. There has beena gradual 
change in design from coils made of 


16-15. A one piece type of cooling coil in which the 

tubes, beaders and shelves are formed in a single piece. 

A. Mounting bracket; B. Shelf; C. Refrigerant passage; 
D. Accumulator. 


(Houdaille-Hershey Corp.) 


16-16. A modern refrigerator design which provides 
ice cube freezing and storage, frozen foods space and 
high humidity cold storage space for perishable foods. 


tubing wrapped around metal sleeves 
that held ice cube trays, to stamped 
or formed sections which incorporate 
the tubes, the collector headers and 
the shelves all in one piece, Figure 
16-15. 

The ideal domestic refrigerator 
should quickly freeze ice cubes; it 
should freeze and provide storage for 
frozen foods, and it should provide a 
non-drying (high humidity) refrigerated 
space for storage of open and perish- 
able foods, Figure 16-16. 

To accomplish this triple function, 
some companies use one cooling coil 
held to a low temperature which makes 
ice cubes and keeps frozen foods. 
Through its low temperature and its 
small area exposed to the large cab- 
inet volume, it also keeps the cabinet 
temperature very nearly correct; how- 
ever, it has the disadvantage of drying 
the foods quite rapidly. This results in 
rapid frosting of the cooling coils as 
well as providing a low humidity in the 
cabinet. 

Other manufacturers have provided 
two compartments in the cabinets, one 
for ice cubes and frozen foods and one 
compartment for fresh produce. This 
design is more expensive since it 
means using two cooling coils, one 
equipped with a two temperature valve, 
a secondary cooling system, an over- 
flow coil with restriction between the 
two coils or using two condensing 
units. 

One of the simplest and most effec- 
tive solutions is to use a secondary 
refrigerant in a separate cooling coil 
and condenser system sealed from the 
regular system, Figure 16-17. This 
secondary system uses the cooling coil 
of the first system to cool its con- 
denser and it has its cooling coil 
attached to the outside of the inner 
lining of the cabinet or as a finned 
coil, located in the rear of the inside 
of the cabinet. One manufacturer calls 
the former arrangement the ‘‘Cold 
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16-17. Diagram of a secondary refrigeration circuit. 
The cooling coil in the freezing compartment (primary 
circuit) contacts the condenser coil of the secondary 
refrigeration on temperature difference only. Both the 
primary and secondary systems are charged with the 
same kind of refrigerant. A. Motor-compressor; B. Con- 
denser; C. Freezer cooling coil; D. Secondary cooling 
coil. 


Wall,’’ Figure 16-18 and Figure 16-19, 
Others use a large surface coil (finned) 
as the cooling coil for the high hum- 
idity, 35 F. to 45 F. portion of the 
cabinet. 

A two-temperature system that uses 
a solenoid valve to produce the two 
temperatures is shownin Figure 16-20. 
When the thermostat in the food com- 
partment calls for more cooling the 
solenoid valve closes and the refriger- 
ant passes the plate coil before it 
reaches the freezer coil. When the food 
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16-18. Diagram of a refrigeration circuit which uses a 
secondary refrigerant for cooling the normal storage 
compartment. 

(Frigidaire Div., General Motors Corp.) 
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16-19. Refrigeration circuits using two secondary re- 
frigerant systems. A control on one of the secondary 
systems gives the housewife an opportunity to defrost 
and remove the moisture from one (Refrig-o-plate) of 
the secondary system. 
(Frigidaire Div., General Motors Corp.) 
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compartment is cool enough, the sole- 
noid valve is energized and opens, 
Figure 16-21. The refrigerant willnow 
by-pass the plate coil due to ease of 
flow. The thermostat operated by the 
freezer coil cycles the motor-com-~ 


pressor unit. 


16-7. TUBING 


The trend is to use soft soldered 
and silver brazed tubing in allthe later 
domestic units. This tubing is attached 
permanently to the cooling unit and 
condensing unit and necessitates re- 
moving the complete mechanism from 
the cabinet at one time as the soldered 
joints are inconvenient to separate. 
Usually the liquid line and suction line 
are permanently fastened together. 

Copper or Steel tubing is brazed to 
the condenser and compressor motor 
dome as these parts are of copper or 
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16-20. A refrigeration cycle that uses a solenoid by- 
pass to control the plate temperature. The valve is 
closed and the plate is being cooled. 

(Philco Corp.) 


steel. Many cooling coils are made of 
aluminum and attachments to them 
cannot be silver brazed. The manu- 
facturer, in some cases, flash welds 
(a resistance welding operation) a short 
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16-21. A cycle that uses a solenoid valve to control the 
plate temperature. The valve is open and the refrigerant 
is by-passing the plate coil which therefore is not being 
refrigerated. 
[Philco Corp.) 


length of copper tubing to the alumin- 
um tubing connection of the aluminum 
coil. This copper tubing must be left 
connected to the aluminum cooling coil 
during service operations in order that 
it may be easily reconnected into the 
system after the service operation has 
been completed. 


16-8. ELECTRICAL CIRCUITS 


The electrical circuits of the herm- 
etic mechanisms are very much sim- 
ilar, See Figure 16-22. The main por- 
tions of the electrical system are: 


a. Motor 
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16-22. The arrangement of the electrical wiring in a refrigerator cabinet. 
[Seeger Refrigerator Co.) 
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16-23. A wiring diagram for a conventional hermetic 
refrigerator which has an electrical heating coil for 
defrost. 

(Hotpoint Co.) 


b. Motor control 

c. Starting switch (Relays) 

d. Cabinet light and switch 

Other devices used frequently are: 

a. Condenser motor fan 

b. Ultra-violet ray lamp 

c. Defrosting heater 

d. Butter warmer 

Power to the refrigerator is ob- 
tained through a rubber covered exten- 
sion cord usually of No. 14 stranded 
wire. This cord is connected to a 
junction box mounted on the condensing 
unit. This junction box also often houses 
the starting relay, Figure 16-23. 

A three-wire cord extends fromthe 
junction box tothe refrigerator cabinet. 
These three wires (white, black and 
red or green) are used for the cabinet 
light and the motor control (thermo- 
Stat), It is general practice that the 
black wire is the live wire and goes 
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from the plug up to the motor control. 
The white wire returns from the motor 
control, down through the junction box, 
into the relay and then into the motor. 
The third wire is red or green and 
carries the current from the light 
Switch and back to the white wire of 
the extension cord, Figure 16-24. 

Most of the electrical connectors 
are mechanical in the later models. 
Even the terminals on the end of the 
wires are mechanically attached to the 
wires. Stranded wires should never be 
wrapped around terminal posts. Always 
use wire terminals of some kind. 

The wiring of a refrigerator that 
uses a four terminal motor-compres- 
sor unit, a butter conditioner, a mullion 
heater, cabinet lights and a thermostat 
operated from the fresh foods cooling 
coil is shown in Figure 16-25, 

A definite color code is followed in 
the wiring. The black wire feedinfrom 
the wall plug or the extension cord is 


=. ae | 
| —O- TERY NAL BLOCe CONNECTOR 


—O SCREW & LOOPED LEAD f \ 


© — SOLOEREO CONNECTION | ot 
—@ LEAD INTEGRAL WiT™ DEVICE Rene ) 
O] Bus crave | | le 


oO LEAD with TERYINA 
| © consecton | 


16-24. A wiring diagram for a hermetic refrigerator 
which incorporates a heating coil to keep the frozen 
foods door joint from sweating. 


(Hotpoint Co.) 
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16-25. A pictorial drawing of the wiring in a refrigerator. Note the mechanical connections used. The number and 
color code is similar to those used in all refrigerators. The compressor motor has four terminals as it is a 3400 
r.p.m. motor and uses an auxiliary winding. 


(General Electric Co.) 


the hot wire. The current is fed along 
three separate wires from this wire. 
One wire to the thermostat, one wire 
to the million heater, and one wire to 
the lights and butter conditioner. The 
motor-compressor unit operates at 
3600 r.p.m. and has three motor wind- 
ings necessitating four (4) terminals. 
The capacitor is used in the larger 
units while the resistor is used on all 
those models having the third or auxi- 
liary winding. 


16-9. MAIN ELECTRICAL 
CIRCUITS 


The main wiring circuit of a re- 
frigerator comprises a plug-in cord, a 
thermostat, a light, a light switch, a 
relay, and a motor, Fig. 16-26. 

The relay is usually the junction box 
for all the wires. The thermostat is 
electrically located in series with the 
motor, the relay and the power-in plug. 
The light switch and light are locatedin 
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parallel with the motor. These connec- 
tions mean that the cabinet light can 
operate even though the system is not 
running. The light switch is a spring 
loaded switch mounted in the cabinet 
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16-26. A wiring diagram of a hermetic system showing 
a condenser fan electrically connected into the circuit. 
(Kelvinator Div., American Motors Corp.) 


door jam and the switch spring closes 
the switch as the door opens. 
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16-27. A wiring diagram using an electrical defrost, 
defrost timer and drier to prevent sweating. 
(Frigidaire Div., General Motors Corp.) 


A wiring diagram showing the more 
popular parts of the electrical system 
are shown in Figure 16-27, 


16-10. ELECTRICAL CIRCUIT 
ACCESSORIES 


Many refrigerators in addition tothe 
devices listed above have other elect- 
rical accessories. Some have motor 
driven fans to help cool the condensers, 
The fan motor is connected in series 
with the thermostat and in parallel with 
the compressor motor. Therefore, all 
the electricity used by the compressor 
motor and the fan motor passes through 
the thermostat switch. 

Some refrigerators have small 
heating elements in the butter com- 
partments, These small heating ele- 
ments keep the butter a few degrees 
above the normal 35-45 F. compartment 
temperature. The resistance is con- 
nected in the system in parallel with 
the other units. It has its own thermo- 
stat, Figure 16-28, 

Occasionally the breaker strips 
around the freezer compartment door 
will sweat or frost. Formerly double 
rows of gaskets were used to minimize 
this condition, but at present very 
small electrical resistance wires are 
mounted in back of the breaker strips 
to eliminate this condition. Figure 
16-29 illustrates a wiring diagram ofa 
domestic unit. It has a dew point com- 
pensator circuit shown on the right. 

Some refrigerators have a very 
small heating element mounted inside 
the cabinet liner near the cooling coil 
of the non-freezer section of the box. 
This heating element operates during 
the time the unit is not running and 
prevents ice formation on the cabinet 
liner and also acts to cycle the unit 
when the regular food compartment is 
not used frequently, Figure 16-30, 

Ultra-violet ray lights are used in 
some refrigerators as an air purifying 
agent. These lights operate from a 
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16-28. Wiring diagram of a hermetic system showing the electrical connections for such items as motor relay, 
cabinet light, and butter conditioner and thermostat. It also shows the connections between the starting relay 
and the motor. 

(Crosley Div., Aveo Mfg. Co.) 
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E Hi wiring diagram of a two compartment domestic refrigerator. Note the freezer thermal regulator for 
cycling the unit, the plate thermal regulator for controlling the solenoid, and the dew point compensator for 
warming the breaker strip. 


(Philco Corp.) 
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transformer. The electrical circuit is 
in parallel with the other main units of 
the system. 
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16-30. A two compartment refrigerator having a ther- 

mal stabilizer heating element mounted back of the 

plate cooling coil to insure against frosting and to cycle 
the unit during long no-use periods. 


(Philco Corp.) 


Q 


me 


i RS 


16-31. A defrosting clock which can be connected to 
the power circuit of any domestic refrigerator. 
(Automatic Controls Corp.) 


16-11. DEFROSTING SYSTEMS 


The method of defrosting domestic 
refrigerators has improved consider- 
ably in the past few years. In the 
beginning defrosting was accomplished 
by shutting off the system until all the 
frost melted and thenturning the unit on 
again manually or automatically. Trays 
caught the melted frost. These trays 
were emptied manually. 

Since the development of frozen 
food compartments in domestic re- 
frigerators a better way had to be 
developed for defrosting. The new sys- 
tems defrost the coils quickly to pre- 
vent raising the temperature of the 
frozen foods, and the defrost water is 
removed from the cabinet automatical- 
ly. 

There are five principal ways in 
which the automatic defrost interval is 
determined. The mechanisms for each 
are different. These methods are: 

1, Daily by clock timing. 

2. Accumulated running time of the 

condensing unit. 

3. Accumulated door open time. 

4. Counted number of door 

openings. 

5. Operation on a defrosting cycle. 

Daily by clock timingis the simplest 
and most common. In this system an 
electric clock mechanism is wiredinto 
the electric circuit to defrost the re- 
frigerator daily at a time to which the 
clock is set, Fig. 16-31. This time is 
usually set sometime after midnight. 
It may be set to suit the wishes of the 
owner. 

Accumulated running time of the 
condensing unit defrosting is timed by 
leaving an electric clock mechanism 
connected in parallel with the com- 
pressor motor. The clock will run all 
of the time that the compressor is 
operating. The clock mechanism is set 
to operate the automatic defrostaftera 
certain number of hours of operation of 
the condensing unit (usually about six 
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hours). This interval of defrosting is 
adjustable to accomodate various con- 
ditions of use of the refrigerator. 
Accumulated door open time also 
times the defrost interval through an 
electric clock mechanism which op- 
erates the automatic defrost after a 
total number of minutes that the re- 
frigerator door has stood open. The 
principle of this timing is based on the 
fact that each time the refrigerator 
door is opened the cold air in the cab- 
inet spills out. Part of the moisture 
in this air has been deposited on the 
cooling coil and as the door is opened 
fresh moisture laden air enters and will 
be deposited on the cooling coil. Fre- 
quent and prolonged opening of the 
cabinet door will hasten frost accum- 
ulation on the cooling coil. This defrost 
timing device therefore, provides auto- 
matic defrosting on the basis of cabinet 


use, 


16-32. Wiring diagram which shows circuits and con- 
trols for a hot gas type of automatic defrost system. 
(Kelvinator Div., American Motors Corp.) 
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The counted number of door open- 
ings defrost interval is based on the 
same principle as the accumulated 
door open time, Instead of using a 
clock mechanism, a ratchet mechanism 
on the door operates the automatic 
defrost system. After a certain number 
of door openings (usually about 60) the 
automatic defrost device will be brought 
into operation. 

Most automatic defrost systems 
control the length of the defrost time 
by a thermostat attached to the cooling 
coil, Automatic defrosting is accom- 
plished by stopping refrigeration and 
rapidly heating the cooling coil. 

The two sources of heat used to 
quickly defrost the coils are: 

1. Hot condenser gas. 

2. Electrical heating coils. 

Primarily, all of the automatic 
defrost systems depend on electrical 
controls for their operation. Figure 
16-32 shows ahermetic wiring diagram 
with the conventional automatic defrost 
controls connected into the circuits. 


16-12. HOT GAS DEFROST 
SYSTEMS 


To defrost the cooling coil with hot 
gas, the hot gas coming from the com- 
pressor is piped into the cooling coil 
where it circulates and melts the frost 
from within. The gas then returns tothe 
compressor, 

The mechanism consists of a sole- 
noid valve located in a by-pass line 
running from the outlet of the com- 
pressor to the cooling coil at the cap- 
illary tube end, Figure 16-33. This 
illustration shows an automatic defrost 
system on the refrigerating cycle. The 
liquid refrigerant flows through the 
lower frozen plates on its way to the 
upper refrigerated plate. Heat is first 
absorbed from the freezer compart- 
ment and any extra liquid refrigerant 
passes upward to cool the food storage 
area, The lubricating oil has the ability 
to absorb refrigerant in increasing 
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thea A cycle diagram and wiring of a hermetic system using “hot gas" automatic defrost. 
is illustation shows the refrigerating cycle. Note the drain tube and the condensate evaporator pass 
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16-34. The defrost cycle diagram for a “hot gas’ and electric heat automatic defrost. The defrost 
control has opened the solenoid valve by passing hot gas to the refrigerated plates and turns on the 
compressor which rapidly warms up both coils. 


{Seeaer Refriaerator Co.) 


369 


— 


Intermediate High Pressure Gas 


[al Intermediate High Pressure Liquid 


HERMETIC UNITS 


amounts as oil temperatures are re- 
duced and release refrigerant as oil 
temperatures are increased. On the 

x ‘‘off'’ cycle, the compressorand the oil 
in it cool. The cool-oil will absorb 
some of the refrigerant in the unit, 
leaving an insufficient, « amount of re- 
frigerant to refrigerate ‘both coils com- 
pletely. At the beginning of the ‘‘on’’ 
cycle, all of the available refrigerant 
will be evaporated in the lower freezer 
plates and little or no refrigerant will 
reach the upper coils. During this 
period, frost on the upper plate may 
melt. After the compressor has oper- 
ated for a few minutes and has warmed 
up, the oil will release the absorbed 
refrigerant and this additional refrig- 
erant will pass to the upper refrigerat- 
ed plate. The thermostat contact bulb 
is attached to the upper refrigerated 
plate so the compressor will continue 
to operate until the upper plate has been 
completely refrigerated. The freezer 
compartment will continue to be re- 
frigerated during the entire ‘‘on’’ cycle 
while the food storage space will re- 
ceive cooling during only a part of the 
cycle, In this manner the proper food 
Space is maintained at a satisfactory 
low temperature automtically. 

The automatic defrost control 
places the mechanism on the defrost 
cycle once each 24 hours. The defrost 
cycle is shortened by the use of two 
electric heaters, Figure 16-34. On the 
defrost cycle, a solenoid valve opens 
and directs the flow of warm refriger- 
ant gas from the compressor direct to 
the lower freezer plates. This hot gas 
helps melt the frost which has ac- 
cumulated on the evaporator coils. 
Some of the refrigerant will be con- 
densed but to prevent the liquid re- 
frigerant from being returned to the 
compressor and to add to the heat of 
the refrigerant, an electric heater 
element is used to boil the refrigerant. 
The warm gas helps in defrosting the 
coils and is then drawn back to the 


compressor, then the suction line (gray 
on the diagram). A second electric 
heater which is mounted on the bottom 
of the freezer compartment is also 
turned on during the defrost cycle to 
prevent any freeze-up of the drain at 
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16-35. The wiring diagram for a hermetic system which 
has a semi-automatic defrost. 
[Kelvinator Div., American Motors Corp.) 


the bottom of the compartment and to 
remove any frost that may have formed 
on the interior of the walls of the 
freezer. The defrost cycle continues 
until the temperature of the defrost 
control bulb rises to approximately 
40 F. or for one hour--which ever 
occurs first. 

The defrost control will return the 
system to normal operation after the 
defrost interval. 

Some semi-automatic systems re- 
quire opening the solenoid with a man- 
ual electric switch. When the defrost 
is complete, a slight rise in tem- 
perature activates a sensitive bulb 
which returns the system to normal 
operation. Figure 16-35 shows the 
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BRIDGE 


16-36. An electrical heating unit (exploded view) ap- 
plied to a cooling coil and used to provide automatic 
defrost facilities. 

(Crosley Div., Avco Mfg. Corp.) 


wiring diagram for this type of auto- 
matic defrost. 


16-13. ELECTRIC HEATER 
DEFROST SYSTEM 


To defrost the unit with electrical 
heating elements requires installing 
heating coils or electrical resistance 
wires beneath those parts of the coils 
needing defrosting, Figure 16-36. 


DOOR 


LIGHT SWITCH 


HEATER 


TEMPERATURE AND 
DEFROST CONTROL 


These electrical heating elements are 
well insulated, the circuit is usually 
equipped with a fuse. Some circuits 
have a safety thermostat which will 
open the circuit in case the tempera- 
ture rise is too great. Figure 16-37 
shows the wiring circuit of an elect- 
rical defrost system which is started 
by pressing a push button and that 
automatically returns to normal oper- 
ation. Figure 16-38 is another semi- 
automatic electrical defrosting system. 

The resistance wires proper are 
placed to melt the frost from the coils 
in a minimum of time. These coils are 
rated at 400 watts and up. Some units 
are automatically shut off during the 
defrost cycle and a thermostat returns 
the unit to normal operation after the 
coil is defrosted. The wiring diagram 
of a full automatic system is shown in 
Figure 16-39. Water formed is disposed 
of in several ways. Some systems run 
the defrost water down toa pan near the 
compressor-motor where the heat from 
the compressor evaporates it. Some 
units drain the water into a special tray 
and this tray must be periodically 
emptied. The drain pipe must have a 
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16-37. An electrical defrost system which is started by means of a push button and which automatically returns 
to its normal cycle. Note the overload protection for its motor-compressor and also note the amperage type relay. 


(Franklin Mfg. Co.) 
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liquid trap. 
One refrigerator uses a motorcon- 
trol which is controlled by a thermo- 
x stat actuated by the fresh foods cooling 
coil. The freezer section cooling coil 
is in series with thé fresh foods coil. 
The cycle of operatfon is, shown in 
Figure 16-40. When “the unit first 
starts at a fresh foods coil tempera- 
ture of 375 F., the fresh foods coil 
still warms up a little but the freezer 
coil immediately starts to become 
colder (starts at 8 F.), As the unit 
runs the fresh foods coil temperature 
lowers quickly and the freezer coil 
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16-38. A wiring diagram of a hermetic system which 

uses an electrical resistance defrost unit that is turned 

on normally and which automatically returns to normal 
operation. 


(Norge Sales Corp.) 


slowly. At the end of the running 
cycle, the fresh foods evaporating open 
the thermostat at approximately 17.5F. 
and the freezer coil has cooled to-5F. 
During the off cycle the fresh foods 
coil must warm up past 32 F. (defrost 
temperature) and up to 37 F. before the 
unit starts running again. The dotted 
line at the top represents the fresh 


food temperature during the cycle. The 
bottom dotted line indicates the frozen 
food temperature during the cycle. The 
curves were obtained with the refrig- 
erator operating in a 100 F. room. 
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16-39. A schematic diagram showing a full automatic 
defrost system using electrical heating elements. 
(Norge Sales.Corp.) 
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16-40. A time-temperature graph of the cooling coil 
temperatures and the compartment temperatures of a 
two-door refrigerator. The thermostat is operated by 
the fresh food evaporator temperature. 
(General Electric Corp.) 
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16-14. REVIEW QUESTIONS 


as 


10. 


16-41. 


. What 


. How 


What is a hermetic refrigeration 
mechanism? 

is another name for a 
natural convection condenser? 


. How is copper tubing fastened to 


aluminum tubing? 


. What are some of the devices in 


the electrical circuit of a herm- 
etic domestic refrigerator? 

is the temperature con- 
trolled in a butter compartment? 


. Why are systems being defrosted 


faster at the present time? 
What is used to permit the flow 
of hot gas through the cooling 
coil for defrosting? 

What is meant by a semi-auto- 
matic defrosting system? 


. Where are most of the refriger- 


ant lines located in the latest 
model domestic refrigerators? 
How is the defrost water re- 
moved after the defrost cycle? 


The exterior of a heat pump motor compressor 
unit, 
(Tecumseh Products Co.) 


16-15. HERMETIC COMPRESSORS 
FOR HEAT PUMP INSTAL- 
LATIONS 


The use of heat pumps for residen- 
tial heating and cooling is increasing 
rapidly. Hermetic compressor units for 
heat pump use, have been developed in 
many designs, and in a wide range of 
sizes. 

The hermetic compressor is ideal 
for such installation as it is simple to 
mount, and connect into the installation. 
Such compressors are equipped with 
service valves, suction and discharge 


16-42. A service valve assembly for hermetic units. 
The bottom portion (B) fastens to the line by means of 
two small cap screws. The joints are sealed with 
synthetic rubber gaskets. The hand valve (A) that 
operates the tap is removable and therefore only one 
is needed by the service man. 
(Watsco, Inc.) 


mufflers and other special features 
which contribute to quiet reliable oper- 
ation and long life. Fig. 16-41 illus- 
trates a hermetic compressor designed 
for residential heat pump installation. 


16-16. HERMETIC UNIT 
SERVICE VALVE 


A means to connect gauges and 
charging cylinders to a hermetic sys- 
tem is shown in Fig. 16-42. The device 
has a removable service valve thus re- 
ducing the weight and strain on the 
tubing. Synthetic rubber gaskets seal 
the joints, and a needle point on the 
small screw pierces the tubing when 
the screw is turned in by the hand valve. 
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Chapter 17 


td 


~_, SERVICING 
HERMETIC SYSTEMS 


Hermetic units are made invarious 
styles. The service procedure depends 
on the design. Hermetic units have been 
made since 1925. 

Originally the hermetics were de- 
signed to fit on the top of the refrigera- 
tor cabinet (General Electric Monitor 
Top, Coldspot, Westinghouse, etc.). 
Following this design the units were 
made to fit into the back of the cabinet 
and the condensing unit was mounted 
in the base of the cabinet. 

The latest designs generally have 
condensing units in the base and run 
the refrigerant lines just back of the 
cabinet door jam breaker strip. The 
cooling units are removed from the 
front of the refrigerator. 

17-1. SERVICING HERMETIC UNITS 

The servicing of hermetic refrig- 
erator mechanisms depends to a great 
extent on the assembly method for the 
unit. If the unit is brazed or welded to- 
gether, it requires considerable extra 
equipment to perform a major repair 
(an internal repair). If the unit is bolted 
together, it still is a major overhaul to 
service anything within the unit, but 
there is not as much special equipment 
needed for special tearing down and 
assembly. 

It is considered good practice to 
remove the complete hermetic unit 
from the cabinet and recondition it in 


the shop if any internal difficulties 
arise. 

Servicing of hermetic refrigerators 
may be divided into two major divi- 
sions: 

a. External repairs 

b. Internal repairs 


17-2. EXTERNAL SERVICING OF 


HERMETIC UNITS 


External servicing means all those 
service operations which do not involve 
breaking into the refrigerant system 
except through service valves. Most of 
the external repairs can be done onthe 
customer’s premises. 

Some of the more common external 
service operations are: 

a. Cabinet hardware 

b. Cleaning 

c. Noise (rattles) 

d. Electrical 

(1) Thermostat 

(2) Interior light and circuit 
(3) Power circuit 

(4) Fan motor 

(5) Relay 

(6) Capacitor 

(7) Motor terminals 

(8) Defroster 

(9) Defroster controls 

e. Diagnosing of all the troubles in 

the unit 

f. Charging, discharging, purging, 

and adding oil, if the unit is 
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equipped with service valves or 
service valve attachments. 


CLEANING THE 
MECHANISM 


17-3. 


The hermetic refrigerating system 
is a heat transfer mechanism as much 
as the conventional system. Provisions 
must be made to allow air to circulate 
around and through the unit and con- 
denser. Further, the condenser and 
dome must be keptascleanas possible, 
because dirt and lint will act as heat 
insulators. Periodic cleaning, approxi- 
mately each three months, is very 
necessary for economical operation and 
long life. One outstanding advantage of 
the Monitor Top General Electric unit 
was that the owner kept the condenser 
clean, if for appearance only. 

The best way to clean the hermetic 
mechanism is with a small vacuum 
cleaner or a special vacuum cleaner 
nozzle with a brush attachment. The 
vacuum cleaner eliminates raising a 
lint cloud to circulate in the room or 
to settle on the floor. It is alsoquicker 
and more thorough than hand brushes 
or cleaning cloths. If a brush orclean- 
ing cloth is used, place a paper or 
cloth on the floor underneath the unit. 
If the unit uses a motor-driven fan, be 
sure to turn off the power (pull the plug) 
before proceeding with the cleaning. It 
will be found efficient and economical 
to partially remove the unit (especially 
remove the baffles and unbolt the con- 
denser guard) to perform a good clean- 
ing job. 


17-4. EXTERNAL NOISE 
ELIMINATION 


Most external noise in the refrig- 
erator comes from rattles. Loose baf- 
fles or ducts, tubing touching anything 
while vibrating, an uneven floor which 
may cause a list (leaning to one side) 
of the condensing unit and finally fan 


and motor noises are all causes of 
noise. 

A loose cooling unit door and loose 
articles on shelves that are not evenly 
placed on their supports may also 
cause annoying rattles. A rattling noise 
originating in the unit may indicate that 
the unit is laboring harder than in the 
past. To determine if there is an extra 
load on the running parts the electrical 
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17-1. A cabinet leveling screw. 


(Norge Sales Corp.) 


load test is best; orone may sometimes 
determine if the unit is overloaded by 
its starting behavior (3 seconds to 
operate relay is the average time). 

lf the cabinet is on an uneven floor 
the cabinet can be leveled by adjusting 
the two screw type floor pads located 
at the front of the cabinet, Figure 17-1. 

If the tubing is rattling against parts 
of the refrigerator, it can be carefully 
bent away from contact. If the tubing 
is taut and has a vibration or hum, 
this noise can be reduced by clamping 
rubber blocks on the tubing to stop the 
harmonic vibration. 

Loose baffles and ducts can be easily 
secured by using self-tapping sheet 
metal screws. 


17-5. SERVICING THE 
MECHANISM 


Many manufacturers provide ex- 
change service on the complete re- 
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17-2. Three capillary tube system cycles; normal, overcharged, and undercharged. 


{Allin Mfg. Co.) 


frigeration machines exclusive of the 
external controls, fans and cabinet. 
In most cases it is advisable to use 
this service. In case a manufacturer 
has gone out of business or if it is 
impossible to obtain a replacement 
mechanism, the procedures recom- 
mended in the following paragraphs 
may be useful. 

There are several types of her- 
metic refrigerating machines on the 
market. They vary in size from 1/20 
H.P. to 7 H.P. Their construction 
varies between the sealed welded units 
with no external valves or moving 
parts, those that are welded, but have 
external fans, those that are welded 
are equipped with service valves or 
valve attachments, and finally, those 
that are bolted together and are com- 
pletely serviceable without special 
tools. All of these can be repaired, 
but some require more equipment than 
others. 

The general service procedure is 
to discard the refrigerant and the oil 
from the machine, dismantle the mach- 
ine and make the necessary repairs 
(motor, compressor, refrigerant con- 
trol), assemble the unit with temporary 
valves, test the unit (test for leaks), 
evacuate, dry the unit, charge it with 
oil and refrigerant, test the unit (re- 
cording thermometers, wattmeters, 
etc.), test for leaks, disconnect the 
temporary valves and finally give the 
unit a test run in a 100 F. room. 


17-6. DIAGNOSING MECHANISM 
TROUBLES 


Many methods can be used to find 
the trouble. A lack of refrigerant is 
usually indicated by the cooling coil 
being only partially frosted, but that 
part which is frosted is frosted very 


well. 
Figure 17-2 shows typical pressure 


curves for acapillary tube system when 
it is overcharged, undercharged and 
also a normal cycle. 

A leaky check valve will be indicated 
by the suction line warming rapidly 
starting at the compressor as oil and 
hot gas backs up into it as soon as the 
compressor stops. A restriction onthe 
high side (high side float or, capillary 
tube, filter, dehydrator or screen) will 
be indicated by continuous running, no 
refrigeration and the liquid refrigerant 
will be found stored on the high side. 
This liquid can be detected by care- 
fully using a small torch flame on the 
condenser and that part that contains 
liquid will stay relatively cool while 
the metal with no liquid back of it will 
warm rapidly. 

A partial restriction will be shown 
by frost occurring at that point. This 
frosting quite frequently occurs at the 
filter screen, and dryer. 

A compressor housing that is warm- 
er than usual may indicate a unit run- 
ning at a below normal voltage, a 
quantity of air in the system ora lack 
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of oil. The voltage can be easily check- 
ed with the use of a voltmeter. Airin 
the system can be checked by purging. 
A lack of oil will be indicated by a 
noisy unit. A lack of oil usually means 
that the oil has become lodged in the 
cooling coil. 

In those units that have the condens- 
ing unit mounted above the cooling 
unit (Coldspot, Westinghouse, etc.), 
this condition can sometimes be rem- 
edied by putting very hot water in the 
ice cube trays. This extra heat boils 
the refrigerant violently and it may 
carry the oil back to the condensing 
unit. Some service men use a torch 
flame for this operation, but it is a 
dangerous practice. Drastic cases may 
require removing the unit and setting 
it upside down for a few minutes to 
start the oil back to the cooling unit. 
An oil-logged cooling unit is indicated 
by a lazy cooling coil, that is the cool- 
ing coil doesn’t frost evenly. 


17-7. DIAGNOSING ELECTRICAL 
TROUBLES 


Many hermetic systems are need- 
lessly replaced because the service 
man concluded that the internal mech- 
anism was faulty when the trouble 
really existed in the external electri- 
cal devices. 

For example, if the mechanism will 
not start, or if the unit hums but will 
not start, or if the unit short cycles, 
the trouble could be in the external 
electrical circuit. The fault may be 
in the: 


Power-=in connections 

Thermostat 

Wire terminals 

Relay 

Capacitor (if the unit has one) 
Each and all of these devices must 

be checked carefully before the unit 

itself is determined faulty. These parts 

can only be checked by removing them 
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17-3. Testing the electrical units of a hermetic system. 
Note the volt meter, wattmeter and substitute relay. 
(Norge Sales Corp.) 


17-4. Charging a hermetic unit. I. Boiling the refrig- 

erant in; 2. Pumping the refrigerant in; 3. Using dry ice 

in cooling coil; 4. Using dry ice on a HSF unit: A. Com- 

pressor; B. Condenser; C. Capillary tube; D. Cooling 

coil; E. Suction line; F. Valve attachment; G. Refrigerant 

cylinder; H. Hot water; J. Cylinder service valve; K. 
Pump; L. High side float; M. Dry ice. 
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from the wiring system and then ed electrical wires canbe easily check- 
1, Checking them independently or ed with a test light. 
2. Temporarily substituting a test 
part or an exact replacement to It is strongly recommended here 
see if the unit will run with the that Chapter 6 be studied thoroughly 


new part, Figure 17-4. 


before attempting to shoot trouble in 


Such faults as open circułtts, ground- the electrical units. 


17-8. HERMETIC SYSTEM 
TROUBLE SHOOTING 


TROUBLE 


Unit does not run 


Unit runs but does 
not refrigerate 


Unit runs but refriger- 
ates poorly 


CAUSE REMEDY 

. Power Source Use test light 
(a) Fuse 
(b) Broken Wire 

. Cord or plug Inspect 

. Thermostat Short out thermostat 
with a test lead 

. Wiring Use test light or re- 
placement relay. 

. Circuit Breaker Short out circuit 
breaker. 

. Motor-Compressor Disconnect motor 
leads and install 
tester 

. No refrigerant Install gauges 


low readings 


. Poor Compressor Install gauges ~- 


low side above nor- 
mal 


. RestrictioninSystem j[nstall gauges 


Low side very low 
High side pressure 
low for temperature. 


. Overcharge Install gauges 


Both gauges show an 
above normal read- 


ing. 


. Thermostat Setting Check setting 
. Inefficient Compressor 


Moisture in system 
Intermittentfreezing Install dryer 


Low on refrigerant Charge 
(Poor coil frosting) 
Partial Restrictions Inspect for buckles 


or kinks in line. 
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Noise 1. 


3. Uneven floors 
4, Loose parts 


17-9. CHARGING THE UNIT 


If it is found that the hermetic unit 
needs refrigerant, the methods used to 
add refrigerant are as follows: First, 
one must remember that a pressure 
difference is needed to move the re- 
frigerant from the refrigerant cylinder 
into the system. Figure 17-4. Either 
the compressor must create this pres- 
sure difference (1), another compres- 
sor or pump must create this pressure 


8 Valve seal cap 

9 Suctioe line valve service port 
10 Suction line valve 

11 Suction line 

12 Compressor 


6 Frece drum 13 


7 Comprsenor discharge Line Suction Ling valve etem 


14 Condenser inlet 


17-5. A hermetic system benig evacuated and charged 
by using a gauge pea nee the disposable service 
cylinder, 


(Franklin Mfg. Co.) 


(2), or the unit must be cooled (water 
ice, or dry ice, or refrigerating unit) 
(3) and (4). In any method the refriger- 
ant cylinder should be heated (never 
an open flame) with hot water. 

When charging a partially charged 
unit, a little refrigerant should be added 
and the unit should then be allowed to 
cycle. Proper charge is best indicated 


Compressor 
2. Tubing rattles 


Replace 

Install vibration 
clamps (rubber 
clamps) 

Level 

Tighten 


by the frost on the cooling coil and 
when the frost line starts tocome down 
the suction line, purge out a little of 
the refrigerant. 

The service connection lines must 
be absolutely clean and free of air 
(moisture). This cleaning can be done 
by passing refrigerant through the 
lines before the charging refrigerant 
is allowed to pass through it. For ex- 
ample, in 1, have the valve loose at 
(F) and use the cylinder gas in (G) to 
blow out the lines. In some models 
(F) may be located on the cooling coil 
(D) or on the compressor dome (A), 
This process works ifthe service valve 
attachment is on the low side. 

In part 2, a gear pump is shown 
but a vane pump or piston pump may 
also be used. It is important that the 
refrigerant be carefully weighed as it 
goes into the unit. This practice calls 
for the cylinder and the water pail (H) 
to be mounted or suspended from a 
weighing scale. 

In part 3, dry ice or water ice (M), 
is put in the cooling coil (D) to help 
create a low pressure in the system, 
This is a slow process which requires 
boiling of the refrigerant in the re- 
frigerant cylinder (G) and condensing 
it in the cooling coil (D). 

Part 4 illustrates the charging of a 
hermetic system that has a top-mount- 
ed condensing unit and a high side 
float (L). Ice is put around the high 
side float and in the cooling coil. Re- 
member that loss of refrigerant means 
a leak in the system. Locate and cor- 
rect the leak before charging the sys- 
tem, 

Many of the larger hermetic sys- 
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17-6. Evacuating and charging a system using a gauge 
manifold, a vacuum pump and a disposable refrigerant 
cylinder. 

(Franklin Mfg. Co.) 


tems have service valves. To charge 
a system equipped with these service 
valves one may use one of two methods. 

The system can be evacuated using 
its own compressor as a vacuum pump 
and then it can be charged. If the re- 
frigerator has service valves a gauge 
manifold may be used and it may be 
charged as shown in Fig. 17-5. 

Another method is to use a special 
vacuum pump to evacuate the unit and 
then charge it. Figure 17-6. 


17-10. ADDING OIL TO THE 
SYSTEM 


Only rarely is it necessary to add 
oil to a hermetic system. Occasional- 
ly a large refrigerant leak or a leak 
that has lasted a long time with a con- 
siderable refrigerant loss will make it 
necessary to add oil. The leaking re- 
frigerant will always carry some oil 


with it and the oil (dissolved) must be 
replaced, The conventional method of 
adding oil to a system may be used if 
the hermetic unit is completely equip- 
ped with service valves. That is, the 
oil can be syphoned in or poured in. 

However, some hermetics that have 
service valve attachment devices and 
provide no means to shut off the flow 
of refrigerant may need either one of 
the two systems shown in Figure 17-7. 
In (1), the correct amount of oil (O) is 
put in a service cylinder (G) and a 
small amount of refrigerant, the same 
as that in the system, is also put in 
the cylinder to create a pressure (N). 
The cylinder is inverted and connected 
by absolutely clean lines to the sys- 
tem, (J) to (F). Be sure the cylinder 
pressure is higher than the system 
pressure. Then open valves (J) and 
(F) and the oil will be forced into the 
system. In (2), a vane or gear pump 
(K) is used to syphon oil out of a clean 
and dry graduated container (P) and 
force it into service valve attachment 
(F). A hand pump may be used to per- 
form the same function. 


17-7. Adding oil to the hermetic unit. 1. Bomb ‘method; 

2. Pump method; A. Compressor; B. Condenser; C. 

Capillary tube; D. Cooling coil; E. Suction line; F. Valve 

attachment; G. Refrigerant cylinders; J. Cylinder valve; 

K. Pump; N. High pressure refrigerant gas; O. Oil; P. 
Oil container. 


17-11. REMOVING THE SYSTEM 


After a complete and patient check- 
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ing of the unit has determined that there 
is some serious mechanical or elec- 
trical trouble inside the unit, the unit 
should be removed from the cabinet 
and taken or sent to some thoroughly 


17-8. An appliance truck. A strap (B) that can be 
crank tightened; holds appliance in T In addition to 
the wheels, a roller bearing tread (A) is mounted on each 
skid to help move the appliance over irregular shapes. 
The hand rails are also skids to aid moving the appliance 
in and out of trucks. 
(Stevens Appliance Truck Co.) 


and specially equipped shop for repair. 

The best policy is to use a replace- 
ment unit while the original is being 
repaired. If this cannot be done, sup- 
ply the customer with a complete re- 
frigerator loaner, while the cabinet and 
all of the unit being repaired are taken 
to the shop for service and overhaul. 

It is of utmost importance to pro- 
tect the refrigerating unit while it is 
being moved. It is very easy to make 
cradles or crates to hold these mech- 
anisms, Wooden frames and C clamps 
provide an easy means to hold the 
parts from being injured while in 
transit. 

The complete cabinet, if moved, 
should be shrouded in a special padded 
blanket while being moved ina truck, 
then it is mounted in a hand cart to 
provide safe and easy moving around a 


17-9. Correct method of handling a refrigerator on 
stairs. Note how the roller tread assists over stair treads. 
(Stevens Appliance Truck Co.) 


BREAKER 
STRIP 


17-10. Cabinet frame breaker strips. In one case the 
plastic breaker strip is held by clips and in the other 
drawing the breaker strip is grooved and slips over the 
edge of the metal. 
(General Electric Co.) 


building and up and down stairs, 

A truck for moving refrigerators 
is shown in Figure 17-8, This truck 
has a strap that can be tightened with 
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17-11. Three methods of fastening breaker strips to the 
cabinet; A. Visible sheet metal screw; B. Breaker strip 
and moulding method; C. Clip method. 

(Philco Corp.) 


a crank. The rails are used as skids 
to slide the unit in and out trucks. 
See Figure 17-9. 

The procedure for removing the 
unit from the cabinet varies because: 
(1) some of the cooling units are re- 
moved from the rear of the cabinet; 
(2) some of the cooling units are re- 
moved from the front of the cabinet 
(by way of the cabinet door). 

The refrigerant lines are some- 
times run just under the door frame 
breaker strips. These breaker strips 


must be removed in order to remove 
the lines. 

These strips are usually made of a 
plastic material. Figure 17-10. Sever- 
al other designs of cabinet frame break- 
er strips are shown in Figure 17-11. 
Note the several methods used to fast- 
en the breaker strips to the cabinet 
shell and the liner. 

The breaker strips must be re- 
moved very carefully or they will 
break. One method of removing these 
breaker strips is shown in Figure 
17-12. Figure 17-13 illustrates two 
tools which are of considerable help 
when removing the strips. 


® 
f 
SLIP AWAY 
pe FROM FLANGE 
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17-12. How to remove the breaker strips from between 

the liner and the shell of the door frame. A. Removing 

upper right breaker strip; B. Removing middle right 

breaker strip; C. Removing lower right breaker strip. 
(Franklin Mfg. Co.) 
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The cabinets which have the cool- 
ing unit removed from the rear of the 
cabinet are not difficult to dismantle. 

Cabinets which require removing 
the unit from the front of the cabinet 
call for great skill and patience on the 
part of the service man. The hardest 
part is removing and installing the 
breaker strips. The mechanism is then 
removed as shown in Figure 17-14. 
One must be very careful not to link 
or buckle the refrigerant lines. 

Some cabinets are of the double 
door design and the strips between the 


17-13. Tools for removing plastic strips on cabinets and 
doors. 
(Gibson Refrigerator Co.} 


two compartments must be removed 
before the unit can be taken out. Fig- 
ure 17-15 shows this strip being re- 
moved. Note the heater wire that pre- 
vents sweating of this million plate. 

The compressor and condenser are 
usually fastened to the rear of the 
cabinet by four to six mounting screws 
and bolts. Do not abuse the mechanism 
while removing these devices, Figure 
17-16, 


17-12. DISMANTLING THE UNIT 


The method of dismantling a her- 
metic system varies depending on its 
construction. The following general 
rules apply to all types of units. 

a. CLEAN THE OUTSIDE OF THE 
UNIT THOROUGHLY. Mineral Spirits, 
obtainable from most oil companies, 
is probably the best general cleaner. 
Carbon tetrachloride is excellent, but 
it must be used with caution. A Special 
booth with a grate bottom, having 
drainage facilities, equipped with a 


pump and spray nozzle and ventilated, 
is a good thing to have in a shop doing 
volume work, Local fire and industrial 
hygiene regulations must be followed, 
so one should obtain permission to in- 
stall a cleaning booth if it uses flam- 
mable or toxic fluids. 

b. REMOVE THE REFRIGERANT. 
If the unit is equipped with service 
valve, or service valve attachment 
plugs, the refrigerant should be purged 
into the open through lines equipped 
with special oil traps. Do not purge 
methyl chloride or any other inflam- 
mable gas into a sewer because of the 
danger of explosions. In fact, none of 
the refrigerants should be released 
into a sewer, due to their harmful ef- 
fects relative to excluding oxygen or 
due to their corrosiveness. They also 
carry oil vapors and these oils may 
cause fires or explosions in the 
sewer system. It is best to release 
the refrigerant to the atmosphere, That 
is, pipe the refrigerant to the roof of 
the building and baffle it so liquid can 
never spray on any one. It is very im- 
portant to trap the oil by putting a tank 
in the line. 


REMOVING 
CONDENSOR 


REMOVING 
EVAPORATOR 


GROMMET 


TUBE CLIP 


© compete 
SYSTEM 
REMOVED 


17-14. The correct procedure for removing a front- 

mounted refrigerating unit from a cabinet. A. Removing 

the cooling coil; B. Removing the condenser; C. Remov- 

ing the compressor and lifting the cabinet off the re- 
frigerant ey 


(Franklin Mfg. Co.) 


If the system is not equipped with 
valves of any kind, the unit must be 
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cut open. Several methods may be used. 
One method is to cool the unit (dry or 
water ice), put the unit in an exhaust 
x ventilated booth and then cut liquid line 
at the outlet of the condenser. Another 
way is to use a piercing tool. This 
tool clamps on the line_and is equipped 
with a line connection. This tool has a 
piercing tool that looks like a valve 
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17-15. Removing the mullion plate in a two-door cab- 
inet. Note the heater wires that warm the mullion to 
keep it from sweating. 

(Hotpoint Co.) 
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17-16. The mounting bolts and screws that must be re- 
moved when replacing the refrigerating mechanism. 
(Hotpoint Co.) 


stem built into it. Simply clamp the 
tool on the line, connect the purge line 
to it, and tighten the piercing screw 
and then release. Figure 17-17. The 
small hole pierced in the line will re- 
lease all of the refrigerant. One must 
be especially cautious of some of the 
older hermetics which used sulphur 
dioxide as a refrigerant. 

Such valves then remain on the line 
aS permanent fixtures. The seal be- 
tween the valve body and line is made 
gas tight by means of a synthetic rub- 
ber gasket. 

c. REMOVING THE OIL, It is not 
always necessary to remove the oil. 
In fact, it is almost impossible to re- 
move all the oil until the unit is open- 
ed. However, it may be convenient to 
remove the oil especially if the com- 
pressor dome must be mounted ina 
lathe to be cut open or turned as the 
old weld is ground off on a power 


17-17. An accessory service valve which may be in- 
stalled on a hermetic refrigerator by clamping it on a 
refrigeration line. A synthetic rubber gasket provides 
a gas tight connection between the valve body and 
the line. 
(Mechanical Refrigeration Enterprises} 


grinder. If the system uses sulphur 
dioxide it should be evacuated to re- 
move the sulphur dioxide dissolved in 
the oil. This is one method of remov- 
ing the unpleasant odor. If the sealed 
unit is of the bolted construction type, 
the oil is usually left in the unit until 


385 


MODERN REFRIGERATION, AIR CONDITIONING 


it is dismantled. The old oil may be 
drained off, carefully measured to as- 
sure exact replacement and then stored 
in a drum and sold to oil reclaiming 
companies. This old oil should never 
be used again, unless it is completely 
redistilled and thoroughly dehydrated. 
If it is positively known that the oil 
is clean and dry, it may be stored for 
future use in a clean and dry contain- 
er IMMEDIATELY after it is removed 
from the unit. 

d. DISCONNECTING THE LINES. 
The lines (liquid and suction) are usual- 
ly soft soldered or silver brazed tothe 
cooling unit and condensing unit. It is 
not usually necessary to disconnect the 
suction line from the cooling coil. Oc- 
casionally, when the liquid line is a 
capillary tube, it is advisable to dis- 
connect it on both ends. All the open- 
ings should be immediately sealed if it 
is intended to use lines and parts over 
again. This sealing can be done either 
by pinching the lines or using expand- 
ing corks (synthetic rubber or natural 
corks). The openings into the condens- 
ing unit should also be plugged to keep 
the unit as clean as possible. Masking 
tape is sometimes used to temporarily 
seal the openings. 


17-18. One method of pulling a compressor dome apart. 
A. Dome; B. Steel straps; C. Clamp bolts; D. ee 
jack; E. Welded joint. 


e. OPENING UNITS. The welded 
units are easily opened by either grind- 
ing away the welded seam or removing 
the weld bead by mounting the unit in a 
lathe and cutting the weld bead away 
with a cutting tool. This latter method 
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requires a large swing lathe with 
special mounting brackets on a face- 
plate. Some of the domes can be mounted 
in a chuck. Some service departments 
use a vertical mill witha rotary cutting 
tool to cut the weld. See paragraph 
12-34, page 315, and Figure 12-24. 
Remove a minimum of material as 
sufficient base metal must be left for 


17-19. A service valve attachment used on semi-her- 
metic or hermetic units. A. Opening for a gauge. 


the assembly to be arc welded together 
again. 

After the compressor dome weld is 
removed, the dome canusually be lifted 
off the base and the motor and com- 
pressor exposed. Some of the models 
have the dome pressed on the base in 
addition to the weld. The dome must, 
therefore, be pulled off the base. To 
remove a press fit dome, clamps are 
generally used to hold the dome and a 


17-20. A service valve attachment and the valve port 
to which it attaches. 
(Norge Sales Corp.) 
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17-21. A valve kit and adapters for use on various 
makes of semi-hermetic and hermetic refrigeration units. 
(Mueller Brass Co.) 


special arbor press, or screw jacks are 
used to force the two apart, Figure 
17-18. These clamps are made of 
heavy strap iron bent to fit the dome 
and clamped on tightly by means of 
bolts. Most domes have mounting lugs 
that can be used with the clamps. It 
may occasionally be necessary to weld 
lugs on the dome to secure a purchase 


LOW-SIDE *T* FITTING 


HIGH- SIDE *Y* FITTING 


17-22. The use of "T" and "Y" fittings to attach gauges 
to hermetic system. Small orifices prevent any appre- 
ciable refrigerant loss. 

(Gibson Refrigerator Co.) 


point to pull them apart. Hydraulic 
pressure is also sometimes used to re- 
move the dome. Clean the inside of the 
dome thoroughly before proceeding fur- 
ther. 


17-13. SERVICE VALVES AND 
ADAPTERS 


Most hermetic refrigerators do not 
have service valves. Some have fittings 
to which valves may be attached for 
service operations, then removed when 
the service work has been completed. 
Others have no service valves, neither 
do they have any provision for fitting 
them with valves. However, in orderto 
service any type of refrigerator some 
service valves must be used. It then 
becomes a matter of fitting the neces- 
sary valves to the mechanism. Com- 
mercially there are valve attachments 
which can be fitted to any mechanism. 
Figure 17-19 and 17-20 illustrate ser- 
vice valve attachments which may be 
installed on refrigerators which have 
fittings for service valves. It shouldbe 
noted that for these refrigerators the 
adaptor provides a means of operating 
the valve in the mechanism, also it 
provides an opening foraservice gauge 
or a refrigerant cylinder or both. Fig- 
ure 17-21 shows anassortment of valve 
adaptors which will enable the service 
man to make proper valve connections 
on any refrigerators which have fittings 
for valve adaptors. 

A way to attach gauges to a her- 
metic system is shownin Figure 17-22, 
The T and XY fittings are connected to 
the compressor body with pipe threads. 
A flare connection is used to attachthe 
refrigerant lines. The third opening is 
capped with a į} in. flare cap. The open- 
ing in the fitting at this connection is 
very small. If the machine is adjusted 
to produce close to atmospheric pres- 
sures, and these caps are removed, 
the gauge or manifold lines may be at- 
tached without losing any appreciable 
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amount of refrigerant. The unit should 
be idle for several minutes before in- 
stalling the lines or removing them. 
Furthermore, the connecting lines 
should be purged before tightening the 
connectors. 


17-14. REPAIRING HERMETICS 
IN THE FIELD 

One company has a new technique 
for servicing hermetics in the field. 
Their method enables a trained ser- 
viceman to replace the motor-com- 
pressor unit, or any other part of the 
mechanism without removing the re- 
frigerator from the premises. For ex- 
ample, if the motor-compressor needs 
replacing, a special unit is obtained 


17-23. A replacement motor-compressor equipped with 
a manifold valve system. 


[Philco Corp.) 


that can easily be substituted for the 
malfunctioning motor-compressor. A 
replacement unit is shown in Fig. 
17-23, A diagrammatic view of its as- 
sembly is shown in Fig. 17-24. The 
unit comes equipped with the special 
valve shown. It is very similar to the 
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17-24. A schematic diagram of a replacement motor- 


compressor equipped with a valve manifold. 
(Philco Corp.) 


gauge manifold valve system used for 
servicing (Chapter 11). Note that the 
discharge and suction opening lines are 
soldered together. The valves are two- 
way valves. Turned all the way in, the 
valve closes the opening to the com- 
pressor. 
valve closes the opening to process 
valve port (gauge openings). 


Turned all the way out the 


The poor unit is removed by cut- 


ting the condenser and suction lines 
in such a place along the tubing that 
these lines can be re-soldered to the 
replacement tubing. The lines are first 
pinched, 


then wrapped in cloth and 


17-25. Pinching the suction line prior to wrapping it 
in cloth and breaking it. 
[Philco Corp.) 
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finally bent sharply at the pinch to 
sever them. Sawing is not recommend- 
ed as chips may cause internal dam- 
wage, Figure 17-25. The cut lines with 
the old unit now separated from the 
system is shown in Figure 17-26 with 
the lines sealed by pinching them firm- 
ly. After the new motor-compressor 
has been installed and the joints care- 
fully soldered, the system must be 
carefully checked for leaks. It must be 
cleaned of air and moisture, and it 
must be charged. Figure 17-27 illus- 
trates the connections necessary to 
perform these operations. The Freon- 
12 cylinder must contain clean refrig- 
erant. The drier must have fresh, clean 


17-26. The old motor-compressor removed and its re- 
frigerant lines sealed by pinching. This protects the 
internal structure of the unit for shipment. 


(Philco Corp.) 


desiccant and the connections must be 
tight. The manifold valves remain turn- 
ed all the way in. To check for leaks 
valve V2 is kept closed. A pressure of 
50 psig is built up inthe lines and cool- 
ing coil. 

To purge the unit, valve Vg is open- 
ed and then the Freon-12 cylinder valve 
is opened. One should purge several 
times to insure complete cleanliness 
and dryness. 

To remove the service lines, close 
both Və and V] and then turn the mani- 
fold valves all the way out. All the lines 


can now be removed and the gauge 
opening ports can be capped. 

To charge the system connect as 
shown in Figure 17-28. Note that the 
cylinder is connected to the suction 
side. With the manifold valve in its 
position, the compressor is removing 
refrigerant from both the cooling coil 
and the refrigerant cylinder. 


17-15. REPAIRING THE MOTOR 


The most common trouble with her- 
metic mechanisms is a burned (over~ 
heated) motor. When the windings over- 
heat, the insulation is destroyed and the 
stator coils short and ground. If the 
motor starting winding or running wind- 
ing is faulty, the stator must be dis- 
mantled and rewired (rewound) or re- 
placed. Specialists should do the re~- 
winding. The wire must be exactly 
similar to the original, the same size 
and the same insulation. 

Replacement or exchange stators 
are obtainable for most hermetic mot- 
ors. 

A burned out motor always means 
that the system has considerable 
foreign matter throughout. The system 
must be completely dismantled and 
thoroughly cleaned. 
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17-27. The connections needed to test for leaks and 
to purge the system. 
[Philco Corp.) 
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17-28. The connections necessary to charge the hermetic system equipped with a valve manifold. 


[Philco Corp.) 


17-16. REPAIRING THE 
COMPRESSOR 


The repair of the compressor is 
naturally dependent on its condition. 
If the parts are badly scored and worn, 
the unit will usually have to be re- 
placed. There are several hermetic 
replacement units on the market and 
these can be easily installed in place 
of the worn out condensing unit (Cope- 
land, Servel, Tecumseh, Universal, 
Seeger, Lehigh, etc.). 

If the trouble is in the compressor 
valves, the check valve or if it is dirt 
in the system all these can be re- 
paired. It may sometimes be found 
necessary to manufacture a part. Most 
tool and die shops can make most of 
the parts to the extreme accuracies 
necessary. One must remember that the 
precision craftsmanship in these mech- 
anisms hold to tolerances of plus or 
minus .0001 inch. 


17-17. REPAIRING A 
RECIPROCATING 
COMPRESSOR 


The most common compressor 
trouble is in valves and valve seats. 
The repair of these parts is exactly 
the same as for conventional com- 


pressors. The valve reed is replaced 
and the valve seat is reground on a 
surface grinder or in a drill press 
and then accurately lapped. Replace- 
ment valve reeds are available for 
most hermetic compressors. 

It is imperative to test these valves 
before assembling the unit. This test- 
ing can be done by using fixtures and 


17-29. Testing compressor valves. A. Valve plate; B. 

Refrigerant oil; C. Synthetic rubber gasket; D. Fixture; 

E. Clean, dry, compressed air; F. Air valve; G. Pressure 
gauge; H. Vacuum cup. 


synthetic gaskets or with a synthetic 
rubber vacuum cup, Figure 17-29. 
Noisy valves may be caused by exces- 
sive valve lift (or excessive pressure 
differences). The valve movement is 
usually measured in thousandths of an 
inch. The valve lift must be accurately 
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adjusted. Check the amount of lift be- 
fore dismantling the valve (dial indi- 
cator). Too little valve lift will result 
win an inefficiently running compressor, 
and overheating. ~ 2 

A check valve can be checked much 
the same way. Because it isevery im- 
portant to keep these units as quiet as 
possible, the bearing and bushing clear- 
ances must be as small as possible 


17-30. Diagram of parts and adjustments on a hermetic 

rotary compressor. A. Housing; B. Rotor; C. Blades; D. 

Exhaust port; E. Bolts; F. Dowel pin; |. Intake port; X. 
Contact point between rotor and housing. 


(main bearings, connecting rod bear- 


ings, piston pin bushings and piston 
clearances). 
It is sometimes necessary to use 


an accurate engine lathe, and external 


grinder to achieve good results. Ac- 
curate micrometers are also of theut- 
most importance in order that the 
Clearances and tolerances necessary 
for good performance may be obtained. 

The main bodies or parts of the 
compressor are usually made of cast 
iron, the valves of spring steel, and 
the piston pins of high carbon steel 
(some repair shops use drill rod as 
replacement piston pins). If the re- 
placed part is a moving part, it should 
be exactly the same weight as the old 
part, to keep dynamic vibrations toa 
minimum. 


End play must be kept small to 
eliminate end play slap. 
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The oil pump must be in excellent 
condition and its pumping action check- 
eae 


17-18. REPAIRING A HERMETIC 
ROTARY COMPRESSOR 


The instructions in Paragraph 17- 
15 also are true in the main for rotary 
compressors, In addition the rotating 
vane type of rotary compressor has two 
additional repair features: 

a. The positioning of the roller 
housing to accurately locate the con- 
tact spot between the concentric roller 
and the eccentric housing is very im- 
portant. In Figure 17-30 the contact 
point X must be very carefully ad- 
justed. In this drawing four cap screws 
hold the housing (A) and an end plate 
up against the main housing. Point F 
is a dowel pin, The assembly is snugly 
assembled and the housing is lightly 
tapped until the rotor B binds when 
the shaft is turned by hand or by the 
electric motor. Then the housingis re- 
lieved a very , very little by tapping 
opposite to X until the binding is re- 
leased. 

b. The vanes C must be accurately 
fitted to the roller (B) and the housing 
(A). These vanes (C) must match very 
accurately in length to the roller (B) 
length and the housing length (A). The 
vanes must also fit the slots in the 
roller accurately. They cannot be too 
long or they will bind as they pass 
point (X). If they are too short they 
will permit blow-by as they pass point 
(X). The length of the vanes must ex- 
actly match the length of the roller 
and the length of the housing toprevent 
gas leakage past the ends ofthe blades. 

The singie or stationary vane type 
compressor has much the same fit 
problem as the rotating vane type. The 
parts must be accurately fitted to- 
gether. The main bearing or main 
bearings must be in excellent condi- 
tion, The length of the roller, the 
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housing and the vane must be ex- 
tremely accurately matched. There 
must be no evidence of scoring. 

The vane is usually spring loaded 
to keep it riding on the roller. If this 
spring is too weak, it will allow the 
gas to by-pass the vane and will cause 
a loud clicking noise. If it is toostrong 
it will cause an unnecessary load on 
the roller and cause rapid wear. Dowel 
pins are used to align the housing with 
the shaft. 


17-31. A high pressure side float refrigerant control. 
A. Inlet; B. Outlet; C. Purging and service valve at- 
tachment fitting. 

(Aminco Refrigeration Products} 


Both of these compressors need 
sufficient oil at all times to keep the 
parts in a constant oil bath. It is 
necessary to clean all the oil passages 
and to clean or replace the oil meter- 
ing screws, 


17-19. SERVICING CHECK VALVES 


All rotary compressors are equip- 
ped with check valves in the suction 
line or in the suction passages. This 
check valve prevents the oil in the 
compressor from backing into the suc- 
tion line and up into the cooling coil, 
during the off cycle. As mentioned 
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17-32. An adjustable capillary valve. 
(Standard Refrigeration Co.) 


previously, the indication of a leaky 
check valve is the rapid warming of 
the suction line as soon as the com- 
pressor stops due to the warm oil 
backing into the suction line. Another 
indication is the defrosting of the cool- 
ing coil starting at the suction line 
connection of the cooling coil. 

Whenever possible replace the de- 
fective check valve. Always test the 
check valve for leaks by using the air 
pressure or vacuum test ina manner 
similar to the way a compressor valve 
is tested. 

See Chapter 5 for more information 
on check valves. 


17-20. SERVICING HIGH SIDE 
FLOATS 


The operation of the high side float — 
is described in Chapter 5. A defective © 
high side float should be replaced. 
Whether the float is collapsed, leak- 
ing, or whether the needle and seat 
are stuck open or shut or leaking, the 
best practice is to put in a new float 
assembly. A typical universal replace- 
ment high side float unit is illustrated 
in Fig. 17-31. 


SERVICING CAPILLARY 
TUBES 


17-21. 


Broken or clogged capillary tubes 
are the most common troubles en- 
countered, These capillary tubes are 
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17-33. The internal design of the adjustment used on 
the capillary tube. A. Shows the complete assembly; 
B. Shows how the adjustment operates. 

(Allen Mfg. Co.) 


replaced by installing either a new 
correctly sized capillary tube or an 
adjustable capillary tube. Fig. 17-32. 
This control has a strainer mounted 
in the inlet fitting. Another type of 
adjustable capillary tube is shown in 
Fig. 17-33. 

To check a capillary tube for re- 
strictions compare its pressure drop 
with the pressure drop of a new tube 
of like specifications, using the same 
refrigerant and the same inlet pres- 
sure, 


17-22. DRYERS AND FILTERS 


It is important to keep the inside of 
a refrigeration mechanism as chemic- 
ally clean as possible. When the sys- 
tem is overhauled the parts should be 
dehydrated and evacuated afterassem- 
bly, but there are many crevices and 
corners that are almost impossible to 
clean out. Furthermore, whenever 
gauges are put on a system, it is diffi- 
cult to prevent foreign matter from 
entering the system. 
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The only positive method of keep- 
ing the system clean and dry inside is 
to install dryers and filters in the re- 
frigerant circuit. A solid moisture ab- 
sorbent will usually do a very satis- 
factory job. Silica gel is an excellent 
moisture absorber. This silica gel 
must be of the very best quality as it 
must not decompose to dust and start 
circulating with the refrigerant. One 
company has produced a bead silica 
gel that gives excellent results. 

One can easily determine if adryer 
is absorbing water as it will become 
warm as it absorbs moisture. 

It is very important that one never 
use a liquid drying agent in a unit 
equipped with solid desiccant. The 
liquid dryer chemical will go into the 
solid desiccant and release the mois- 
ture already trapped in the dryer. For 
the same reason, a solid desiccant 
should not be put in a system that al- 
ready has a liquid dryer. To avoid this 
practice, the systems should be label- 
ed when a liquid drying agent has been 
added. 

Activated alumina may be used with 
good results as a desiccant. It alsohas 
the advantage of reacting with any 
acids formed in the system. Calcium 
chloride is an excellent dryer but it 
can not be left in the system as it will 
decompose and start circulating. It is 
an excellent temporary dryer if it is 
removed in a short time (24 hours, 
approximately). The moisture absor- 
bent properties of these desiccants are 
shown in Figure 17-34. 

Anhydrous calcium sulphate has 
also been successfully used as desic- 
cant. It can be left in the system per- 
manently. 

The Refrigeration Electrical Manu- 
facturers Association has recommend- 
ed that dehydrators be rated as to 
cubic inches of desiccant. Figure 17- 
35 shows the cubic content correspond- 
ing to the horse power for which each 
size dryer is recommended. 
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Absorption From 
Laguid, # of ats 


Desiccant Mesh Refrigerants Own Weight 
Silica gel 8-20 S,M or F 16 
Calcium Sulphate 4-6 M or F 6.6 
Activated Alumina 8-10 S,M or F Le 


Calcium Chloridex 12 
Calcium Oxidex 


100 


M or F 


*Temporary installation only 


17-34. Dryers (desiccants) and their physical properties. S is sulphur dioxide; M is methyl chloride and F is for 
the Freon refrigerants. 


Dryers which are installed tem- 
porarily should be of the refillable 
type (preferably bolted), while the per- 
manently installed dryers should be of 
the non-refillable type. All dryers are 
sealed by the manufacturer. Do not 
open them until immediately before 
their installation. 

Dryers absorb water faster at low- 
er temperatures. If at all possible, the 
dryer should be installed inside the re- 
frigerator just ahead of the refrigerant 
control, 

Strainers are of several types. The 
screen type is most popular. It is usu- 
ally made of bronze, brass or monel 
wire and should be 100 to 120 mesh. 
That is, there should be 100 openings 
along a one inch rule length, therefore 
10,000 holes per square inch, The 
popular screensare 100 x 90, 100x100, 
120 x 108 and 120 X 120. The wire is 
usually .004 to .005 diameter. This 
size wire means the openings are about 
.005 square, Felts may be used. These 
felts are about 1/8inch thick and should 
be made of special felt material. Wool 
batt is used to filter in some dryers, 
One company has a specially processed 
coarse cotton yarn wound in a diamond 
pattern over a metal frame. One of the 
latest filters makes use of powdered 
metal castings. 


17-23. ASSEMBLING THE SYSTEM 


Insuring cleanliness of all the in- 


ternal parts of the mechanism is one 
of the most important steps in the as- 
sembly process. The inside of the 
compressor and the motor windings | 
are usually the hardest parts to clean, © 
A mineral spirits spray using an air 


DRYER SIZES 


Cu. in, Capacity, HTE: 
2 1/8 
3 1/6 to 1⁄4 
6 WA te 1/2 
9 1/2 to 3/4 
I2 Sia Wa l 
18 1o l ye 
30 l1 1/2 to 3 H.P 
50 ato 7 2HE 


17-35. Recommended dryer capacities in cubic inches 
based on the horsepower of the condensing unit. 


pressure gun is probably the best way 
to clean these parts. Immersing the 
parts in a mineral spirits bath is also 
very effective, Carbon tetrachloride is 
an excellent cleaner but its fumes are 
dangerous. The parts must be oil 
dipped immediately after being cleaned 
with carbon tetrachloride or the iron 
and steel parts will start rusting. 

It is absolutely essential to run the 
compressor afterit has been assembled 
before welding the dome. It can be run 
for a few moments and its pumping 
ability and its noise level checked 
without danger of scoring the parts due 
to lack of oil. A vacuum gauge equipped 
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with a synthetic rubber tip can be held 
against the inlet opening of the unit 
while checking its pumping ability. A 
similarly equipped high pressure gauge 
may also be used on certain models. 
Running the motor provides a check 
of the electrical work for opens, shorts, 
grounds and suitable power. 


17-24. WELDING COMPRESSOR 
DOME 


After the compressor has been 
checked, the dome can be welded in 
place. The best method of sealing the 
dome is arc welding. The speed with 
which arc welding may be accomplish- 
ed allows only a very minimum of heat 
to go to the interior of the dome (com- 
pressor and winding). Brazing, gas 
welding, and silver brazing with a gas 
flame are slower and may in some 
cases overheat the wiring and ruin the 
insulation. A good safety practice is to 
bleed the dome with CO gas or nitro- 
gen gas while the welding is being done 
to prevent an explosive mixture of oil 
fumes and air from collecting, Fig. 
17-36. It is also important to cool the 
weld as quickly as possible after the 
weld is completed. Avoid the use of 
water. Use a damp cloth, a large block 
of copper, stream of cool air, or other 
means, Use reverse polarity coated 
electrodes during arc welding to mini- 
mize the heat that is released into the 
dome metal. It is very important to 
clean the metal surfaces for at least 
one half inch on each side of the weld 
to prevent dirt inclusions as these may 
cause blow holes which will leak. The 
welding should be done by a very ex- 
perienced welder. The welding station 
must be well ventilated or the operator 
will develop respiratory illnesses. The 
arc must be shielded from eyes of 
passers-by. Do all the welding withthe 
weld in the downhand position; i.e., 
turn the dome as the welding progress- 


es. After the welding is completed, the 
motor should be tested again for run- 
ning characteristics. 

Some repairmen weld domes as they 
are slowing turning in the lathe. Tack 
weld the dome in at least three equally 
spaced places before proceeding with 
the welding. 


17-25. CONNECTING TUBING 


After the motor-compressor dome 
has been assembled and welded, the 
suction tubing and the condenser tub- 
ing must be fastened to the dome. 

These joints are best fastened by 
silver brazing. Silver brazing methods 
are described in Chapter 2, It is very 
important to remember that the joint 
must be clean, the parts must be 
securely mounted to prevent movement 
during brazing, and both parts to be 
joined must be brought up to the cor- 
rect temperature at the same time 
(the compressor end of the joint usual- 
ly requires more heat). Good silver 
brazing can only be achieved by prac- 
ticing the correct method. 


, ESCAPING CO; 


17-36. Welding a hermetic dome. A. Arc welded seam; 

B. Dome flange. Always clean all the surfaces before 

welding. Note the CO, being used as a flushing gas 
to prevent the collecting of explosive mixtures. 


17-26. CHECKING LEAKS 


After the unit has been assembled 
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it should be checked very carefully for 
leaks. There are several ways to do 
this testing. Carbon dioxide or nitrogen 
may be used; it is charged into the unit 
through the attachment or auxiliary 
valves. Build up a 20 to 30 psig pres- 
sure and test for leaks by immersing 
the unit in a water tank or by using 
soap suds. Then increase the pres- 
sure to 75 or 100 psig and check. 
Finally raise the pressure to 200 to 
250 psig and check carefully for leaks 
again, Figure 17-37. 

There is an element of danger in 
this operation in that the high pres- 
sures may cause serious injury to the 
tester if the unit should suddenly fail. 
It is therefore important to build up 
the pressure while standing in a safe 
place and also to use a high side wall 
on the tank to deflect any sudden 
eruption. Following the test it is ne- 
cessary to thoroughly evacuate the 


17-37. Testing a rebuilt hermetic system for leaks. A. 

Water tank; B. Air compressor or inert gas source; C. 

Submerged refrigerating unit; D. Refrigerating lines; 
E. Water level. 


system since all gas used in the test 
must be removed from the system. 
Most companies prefer to use a re- 
frigerant to test for leaks. A process 
similar to the one stated before is used, 
but a sensitive leak detector is used 
instead of soap suds or water. Note 
that the unit is checked for leaks be- 
fore it is evacuated as any leaks would 
allow air and moisture to enter the 


system during evacuation or pump- 
down, Figure 17-38, 

If a leak is detected and repaired 
it is of vital importance to check the 
complete unit for leaks again, 


17-38. Preparing a system for testing for leaks with a 
leak detector. A. Refrigerating system; B. F-12 cylin- 
der; C. Vacuum pump. 


17-27. EVACUATING AND 
DRYING THE UNIT 


The evacuating and drying of the 
unit is probably the most important 
part of all the assembly work. As 
closely as possible, the system should 
be absolutely 100% clear of air, mois- 
ture and other foreign matter, The 
steps to accomplish the result are as 
follows: 

1, Evacuate the unit. 

2. Charge with COs to 50 to 100 

pounds per square inch. 

3. Evacuate the unit. 

4. Charge with refrigerant gas (no 

liquid). 

5. Evacuate the unit 

unit). 

It must be remembered that the 
most careful evacuating and purging 
will not clean a unit that was care- 
lessly put together allowing dirt to be 
left in the system. 

A very good vacuum pump should 
be used to remove as much air as 
possible from the unit. A rotary pump, 


(warm the 
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17-39. A portable vacuum pump is used to remove air 

or refrigerant from a system. This is a rotary compressor 

directly driven by a motor. Note the line connection 
and the combination handle and stand. 
(Frigidaire Div., General Motors Corp.) 


due to its minimum clearance cham- 
ber on the evacuating side will produce 
' the lowest or best vacuum in most 
cases, Figure 17-39. However, the 
best of pumps will not remove all the 
air. A pump that will produce a 28 
inch vacuum is only removing 28/30 
of the air or 93%. Furthermore, with 
a 28inchvacuum any moisture particles 


17-40. An indicator used to show the presence of mois- 

ture in a system. The lower left fitting connects to the 

service gauge opening. If the system refrigerant con- 

tains moisture and if some is purged through the green 

desiccant in the plastic cylinder, the chemical will turn 
urple. 


(The McIntire Co.) 


must be heated to 100 F. before they 
will evaporate and thus be pumped out 
as water vapor. 

To remove the moisture one must 
heat the unit to some temperature that 
will not only vaporize it but will drive 
the moisture out of those little cracks 
and crevices that exist in numerous 
quantities in all units. For the same 
reason, the unit should be run for 
part or all of this operation to insure 
that all pockets in the compressor and 
in the bearings are agitated to release 
pocketed air plus warming the motor 
windings which are probably the great- 
est source of trapped moisture. It is 
considered good practice to evacuate 
for 8 hours at 250 F. or for 24 hours 
at 150 F. A drying oven, temperature 
controlled, is of utmost importance, 
Chapter 12. Carbon dioxide has an af- 
finity or attraction for moisture and 
circulating it in the system helps to 
reduce this problem. 

To eliminate more of the air, charge 
some refrigerant intothe system. Next, 


17-41. A monel screen pencil strainer that may be 
silver brazed into hermetic system lines. 
(The McIntire Co.) 

evacuate the system again. This will 
take out more of the air and only about 
.8% of the original air will now re- 
main in the system. The remaining air 
may best be removed by purging the 
condenser after the system has been 
in operation for a short time. 

There is a device on the market 
which will indicate moisture in the 
system. It is a silica gel cartridge 
using a litmus solution and if the re- 
frigerant or air is passed through it, 
any moisture will cause the silica gel 
to discolor. See Figure 17-40. 
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A small efficient pencil type strain- 
er designed for hermetic systems is 
shown in Fig. 17-41. This unit may be 
silver brazed into the refrigerant cir- 
cuit without injury to the strainer. 

Figure 17-42 illustrates a dehy- 
drating and indicating system which 
may be used in the drying of any re- 
frigerating system. 

Figure 17-43 illustrates diagram- 
matically how the dehydrating and in- 
dicating system should be connected to 
the refrigerating circuit. 


17-42. A specially designed apparatus used to de- 
hydrate any refrigerating system. It incorporates a 
moisture indicator which accurately indicates the mois- 
ture content in the system. 
(The McIntire Co.) 


By means of this system, the re- 
frigerant can be circulated through the 
oversize dryer by positioning the valves 
shown. Then after the system has been 
Operated for several hours, the test 
unit can be fed some of the refrigerant. 
If there is still moisture in the re- 
frigerant, the green colored crystals 
in the test tube will change to a purple 
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17-43. A complete dehydrating apparatus connected 
into the liquid line of a refrigerating system by a by-pass 
arrangement. 

(The McIntire Co.) 


color. This operation is continued until 
the test tube crystals do not change 
color when refrigerant is admitted. 

The dehydrator and the test tube can 
now be removed without disturbing the 
system, by simply closing the two de- 


17-44. A dehydrator and moisture indicator permanent- 
ly conected into the liquid line of a refrigerating unit. 


(The McIntire Co.} 
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hydrator line valves and opening the 
middle valve. 

Figure 17-44 illustrates adehydrat- 
or and indicating system which is con- 
nected permanently into the liquid line 
of a commercial unit. Such a unit 
makes it possible t6._ continually dry 
the refrigerant and to test it for mois- 
ture at any time. 


17-28. CHARGING THE UNIT 


It is usual practice to charge the 
unit with oil before adding the refrig- 
erant. The correct amount of oil is 
very important. A lack of oil will 
shorten the life of the mechanism, in- 
crease friction and cause noise. An 
overcharge of oil will cause the com- 
pressor to pump excessive amounts of 
oil reducing its refrigerant pumping 
capacity and also subject the com- 
pressor valves to severe strain. It 
will frequently require some study to 
determine the amount of oil charge. One 
of the best methods is to measure the 
oil removed from the unit at the time 
the unit is dismantled, also notice the 
oil level mark inside the unit and es- 
timate the oilvolume. Generally speak- 
ing, a rotary compressor uses between 
20 and 30 ounces of oil. However, these 
figures are very general and the re- 
pairman is cautioned to use good judg- 
ment. 

Since oil must stay in the system 
for years, it is vitally important to 
use the best lubricant obtainable. All 
of the reputable oil companies produce 
quite satisfactory refrigerant oils. Re- 
member to clean all the charging lines. 
Refrigerant oils are available insever- 
al viscosities (ease of flow at different 
temperatures). Be sure touse the man- 
ufacturer’s recommendations of vis- 
cosity for the refrigerant being used. 
See Chapter 2. 


The unit should be charged in the 
Same manner described in Chapter 2 


for adding refrigerant to the system. 
The exact charge required should be 
ascertained from the manufacturer, or 
from the identification plate on the 
unit. This exact charge should be placed 


17-45. A charging board used for accurately charging 
hermetic systems. 
(Airserco Mfg. Co.) 


in a clean charging cylinder and then 
transferred into the system. 

Figure 17-45 illustrates a practical 
charging board for accurately measur- 
ing the amount of refrigerant or oil 
charged into a system. This method 
provides greater accuracy than is pos- 
sible if charging directly from a stor- 
age cylinder into the system. Remem- 
ber to use clean lines, purged of all 
air, for transfer purposes. 

17-29. TESTING THE UNIT 

After the unit has been assembled, 
tested, evacuated and charged, it should 
be run with thermostatic control for at 
least 24 hours toascertainits behavior. 
A recording thermometer is of great 
help during this operation to enable the 
repairman to know what is happening 
during the entire test period. Many 
service men neglect this very import- 
ant part of repair work. Figure 17-46, 
shows a 72 hourtemperature recorder. 
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The recorder is put in the refrigerator 
and it is connected to a wall plug and 
the refrigerator cord is then connected 
to the special socket on the cord, Fig- 
ure 17-47, The chart is a three (3) day 


17-46. A recording thermometer. It records the tem- 
peratures and indicates the cycling intervals on a 72 hour 
basis. 


(The Bristol Co.) 


chart and it shows not only the cabinet 
temperature at all times but the other 
needle records the running times of the 
unit. If possible, the cabinet should be 
placed in a 100 F., room for this test. 

If a cabinet is not used the cooling 
coil may be covered with a canvas bag 
to provide a load situation similar to 
what the unit will encounter in actual 


REFRIGERATOR 
POWER SOCKET 


en 


POWER CORD 


REFRIGERATOR 
CORD 


17-47, An installation diagram of temperature recorder. 


(The Bristol Co.) 


service. The testing room should be a 
quiet room in order to aid in checking 
for noise. 

This testing should also include 
close observation of the temperature 
of the dome, the lines, and the even 
frosting of the cooling coil. 

An ammeter and voltmeter or a 
wattmeter should be used to check the 
electrical section of the unit. See 
Chapter 7. 


17-30. REVIEW QUESTIONS 


l. Do all hermetic systems have 
service valves? 

2. Which refrigerant is in most 
common use in hermetic units 
being built today (1955)? 

3. Why are some of the condenser 
air passages controlled by ducts? 

4. How many cooling coils areused 
in domestic refrigerator cabi- 
nets? 

5. What happens to the suction line 
when a rotary compressor check 
valve leaks? 

6. What causes tubing to create 
noise ? 

7. How may a motor-compressor 
dome be opened? 

8. What is a good device to clean 
the outside of the mechanism? 

9. How should the hermetic mech- 

anism be prepared for moving? 

. What is the most popular meth- 

od of sealing tubing joints in 
hermetic servicing? 
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~~” COMMERCIAL 
~ REFRIGERATION 


APPLICATION 


One of the. broadest fields of re- 
frigeration is that of commercial re- 
frigeration. This field includes all 
automatic refrigerating mechanisms 
other than the domestic or household 
type; also the comfort cooling field. The 
field that sometimes is confused with 
commercial refrigeration is the in- 
dustrial field. This latter field uses 
those refrigerating machines which 
need an attendant, usually a licensed 
refrigeration engineer, on the job con- 
stantly. Industrial plants are manually 
operated refrigeration machines and 
are commonly used for ice making, 
large storage houses, packing houses, 
industrial plants, and ice cream manu- 
facturing plants. Only the commercial 
field will be studied in this chapter. 


18-1. HISTORY OF COMMERCIAL 


REFRIGERATION 


The first refrigerators used for 
commercial purposes were small 
semi-automatic ammonia machines. 
These machines were used for large 
meat markets and purposes of a simi- 
lar nature. These appeared between 
1913 and 1915 and filled a very definite 
need, The mechanism was not totally 
Satisfactory, however, because the in- 
Stallation usually required that a com- 
petent refrigerator mechanic or en- 


gineer be on the premises, or the 
owner in some localities was required 
to have an operator’s license. Also the 
cost of the mechanism was considered 
to be quite high. When the small 
domestic machines were first experi- 
mented with between 1916 and 1920 the 
possibility of using them for various 
commercial purposes was very quickly 
realized. Soon thereafter the first auto- 
matic refrigerators were produced for 
ice cream cabinets (1920-21). These 
quickly took the place of the old ice 
and salt mixtures previously used for 
ice cream storage. The Nizer Cor- 
poration of Detroit was one of the first 
successful manufacturers of this type of 
machine, This company merged later 
with Kelvinator, who continued the 
manufacture of these machines for a 
short time. The Frigidaire Corpora- 
tion similarly produced products for 
this field, followed not long after by 
the Servel and Copeland companies. 
The second most important use for 
commercial refrigeration was for the 
water-cooling machine and the small 
automatic machines for grocery and 
walk-in refrigerator cabinets. 


In 1923 mechanical refrigeration 
made its first real impression on this 
market, which has grown rapidly since 
that time. Also the various types of 
commercial refrigerating equipment 
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have increased and now include such 
installations as ice cream making, 
milk coolers, and beverage coolers. 
Figure 18-1 illustrates a water-cooled 
condensing unit suitable for commer- 


18-1. A modern commercial condensing unit. It has a 

two-belt drive, a four-cylinder, V-type compressor, and 

a cleanable tube within a tube water cooled condenser. 
(Tecumseh Products Co.} 


cial refrigeration. Although the future 
possibilities of commercial refrigera- 
tion are hard to predict, the leaders 
of the industry are very optimistic as 
to its future. 


18-2. SCOPE OF COMMERCIAL 
REFRIGERATION 


The commercial refrigeration field 
covers a multitude of applications. 

It is used for the long storage or 
short storage, or display of the follow- 


ing: 
Fresh foods: 

1. Meats 

2. Vegetables 

3. Fruits 

4, Candy 

5. Poultry 
It is used for freezing or storing the 
following: 

1, Meats 

2. Vegetables 

3. Fruits 

4., Poultry 


5. Ice Cream 

It is used for cooling water for: 
1. Drinking 
2. Air conditioning 


3. Machine Tools 
4, Heat treatment 
It is used for storage ordisplay of: 
1. Milk 
2. Bacteriologicals 

The cabinets are usually made of 
steel inner and outer shells, reinforced 
with steel or wood frame and insulation 
installed between the shells. 

The cabinets used for display are 
built with windows or are open at the 
top for display and easy access. 

Another way toclassify commercial 
refrigeration is by the commercial 
businesses that use the equipment, This 
classification is as follows: 

Grocery Stores: 

Reach-in Cabinets 

Display Cases 

Ice Cream Cabinets 

Frozen Food Cases 
Meat Markets: 

Walk-in Cooler 

Reach-in Cabinet 

Display Cases 
Super Markets: 

Walk-in Cooler 

Reach-in Cabinet 

Closed Display Cases 

Open Display Cases 

Frozen Food Cases 

Frozen Food Display Cases 
Restaurants: 

Walk-in Coolers 

Reach-in Cabinets 

Frozen Food Cases 

Water Coolers 

Beverage Coolers 

Ice Cream Cabinets 

Ice Makers 

Salad Pans 
Drug Stores: 

Ice Cream Cabinets 

Bacteriological Cabinets 

Soda Fountains 

Water Coolers 
Farm Cabinets: 

Freezers 

Frozen Food Cabinets 

Milk Coolers 
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Locker Plants: 
Chill Rooms 
Aging Rooms 
Fast Freezers 
Frozen Food Storage : 5 
Frozen Food Display Cases 
Trucks - 
Ice Cream Parlors 
Frozen Custard Stands 
Metal Working Plants: 
Heat Testing 
Machine Coolants 
Bakeries: 
Dough Retarding 
Fur Storage 
The three main differences between 
the domestic and commercial refriger- 
ation machines are: 
1. Multiple installations, 


-D e 


that is, 


the same condensing unit may be 
connected to two or more cooling 
coils. 

2. Water-cooled condensers and 
compressor heads are commonly 
used. 

3. The commercial machines onthe 
average are larger than the dom- 
estic machines, and are made up 
to as much as 25 tons of re- 
frigeration capacity. 

The mechanism in brief is very 
similar to the domestic mechanism and 
includes: 

a) compressors 

b) condensers 

c) liquid receivers 

d) cooling units 

e) refrigerant controls 


18-2. A typical non-code commercial installation. 
O e Refrigeration Corp.) 
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servicing valves 
motor controls 
multiple valves 
motors 

water valves 


f) 

g) 

h) 

i) 

J) 

Figure 18-2 illustrates a typical 
non-code commercial installation. This 
installation involves a water-cooled 
compressor and condenser, driven by 
a 1 H.P. motor and cools a walk-in box, 
a display counter, and a grocery box, 
As shown, the system has three cooling 
coils and one condensing unit. To be 
water-cooled the condensing unit must 
be connected to a water supply. An 
automatic water valve regulates the 
flow of water. The motor will probably 
be connected to the local powersystem 
through a starting relay and must be 
installed according to code. A suction 
line of 43-inch or 5/8-inch O.D. in 
conjunction with a 1/4-inch O.D. liquid 
line are run to these cooling units. 
Shut-off valves are located at the 
junctions of the cooling coil lines tothe 
main suction and liquid lines. These 
are finned natural convection cooling 
coils using thermostatic expansion 
valves. 

Two kinds of refrigerant controls 
are suitable for use in multiple in- 
stallations, These are the low side 
float and thermostatic expansionvalve. 
Manifolds with hand shut-off valves are 
recommended in these installations. 


18-3. COMMERCIAL CABINET 
CONSTRUCTION 


Inasmuch as commercial refriger- 
ation covers a considerable number of 
applications, a study of the various 
cabinets used in these applications is 
necessary. There are many different 
sizes, shapes, and styles of cabinets 
used for a number of different applica- 


tions, Some classifications are: 
grocery cabinets; grocery display 
counters; walk-in boxes for storage 


purposes, fresh meat preservation and 
for beverage and milk storage puma 
poses; display counters for meats of all 
kinds, including a special type for 
fresh fish, also a type which uses the 
lower part of the display counter for 
storage purposes; apartment house re- 
frigerator cabinets; ice cream cab- 
inets; soda fountains in which com- 
partments of different temperatures 
are maintained; water-cooler cabinets 
or fountains which must havea peculiar 
style of construction to facilitate in- 


sulation; motor trucks whose bodies 


must be of insulated construction to 
produce economy of refrigeration; and 
railway trains of refrigerated cars of 
special refrigeration construction. The 
display of very cold or frozen foods is 
a new and ever increasing application of 
commercial refrigeration. 


18-3. A reach-in cabinet with a self-contained condens- 
ing unit mounted in the lower left section. 
(Koch Refrigerators, Inc.) 
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18-4. A cross section of a reach-in cabinet. 
(Koch Refrigerators, Inc.) 


18-4. GROCERY CABINETS 
(REACH-IN-CABINETS) 


Grocery cabinets have beenused for 
‘many years to keep perishable produce 
and groceries at satisfactory tempera- 
jtures. Early cabinets used ice as the 
means of refrigeration, but thousands 
of these have been converted into 
(mechanical refrigeration cabinets 
since the advent of mechanical refrig- 
eration. These cabinets are usually of 
‘the reach-in type with small doors 
opening so that one may gain access to 
“any shelf inside the box. Some of these 
doors are fitted with windows. The 
number of doors varies from two up to 
eight. See Fig. 18-3. The internal con- 
struction of this cabinet is shown in 
Figure 18-4. A blower cooling coil is 
mounted on the back wall and a drain- 
age tube is installed at the lower end 
of the blower casing. 

The space which contains the cool- 
ing unit is usually called the bunker. 
This terminology comes from the orig- 
inal use of ice in these cabinets. These 
bunkers are sometimes located in the 
upper left hand corner of the box, orin 
the upper right hand corner and some- 


times completely across the top of the 
inside of the cabinet. This latter type 
sometimes uses a door located at the 
end of the cabinet for access to the 
bunker. Blower type cooling coils are 
now used extensively for grocery cab- 
inets. 

The coil is usually located in the 
upper center of the cabinet; the old 
flooded coils used a few deep fins 
while the new coils are deep finned 
13-inch spacing coils, using a thermo- 
static expansion valve. The coils are 
suspended from the top, Figure 18-5. 

The early box construction was 
hard wood, oak, maple or similar wood 
on the outside. The later models are 
constructed with a porcelain exterior. 
While the inside of the early cabinet 
used spruce or some other similar 
wood as a lining, the modern models 
have porcelain linings. The insulation 
most commonly used for these boxes 
is two inches of slab cork. Early cab- 
inets used moisture-proof paper and 
dead air spaces. 

The size of these boxes varies 
considerably, with 10 to 15 cubic feet 


18-5. A blower type coil. A. Hanger key hole slots; B. 
Air inlet; C. Cooled air outlet (one on each side); D. 
Drain pan 
(McQuay, Inc.) 


interior net volume being quite com- 
mon. The temperatures desired are the 
same as in domestic boxes with a 
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18-6. A reach-in cabinet designed to store and refrigerate a variety of foods. 
(McCall Refrigerator Corp.) 


minimum of 35 F. and a maximum of 
45 F. 

A reach-in cabinet that is popular 
for smaller grocery stores and mar- 
kets is shown in Fig. 18-6, It has four 
half doors and one full height door. 
The cooling coil is the blower type and 
is mounted in a vertical position per- 
pendicular to the half doors, This cir- 
cuit uses a remote condensing unit. 
The full height door permits storing 
beef quarters, etc. 


18-5. WALK-IN COOLERS 


Meat markets usually have a re- 
frigerated cabinet or walk-in cabinet 
in which to store meat and other 
perishable products. These cabinets 
have large doors and windows and are 
sometimes classified as butcher boxes. 
The size of these cabinets varies to 
quite an extent, but two heights are 
standard; 9 feet 10 inches and 7 feet 6 
inches exterior dimension. These boxes 
are called the ‘‘knock-down style’”’ 


which means that they may be taken 
apart for ease in removing. 
Some standard walk-in cooler sizes 


are: 
Lo) Wee 
i Seo 10." 
8’ e o 
8’ 8’ 9'10” 
9° a o grion 
1 A o 
6’ P Ce 
6’ me es 
K O 


Early walk-in coolers were made with 
oak, maple, or other hard wood ex- 
teriors, and spruce linings. The insula- 
tion consisted of three to fourinches of 
cork placed between the inside and 
outside surfaces, Fig. 18-7. At present 
these boxes are being made with metal 
linings and porcelain finished exter- 
iors. The door is usually made of the 
same construction as the box and is 
gasketed to make it air-tight. These 
gaskets are usually made of built up 
rubber. Door latches for these cab- 
inets must also be accessible from the 
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inside. 

In addition to the entrance doors, 
these boxes are equipped with small 
weach-in doors, usually with double or 
triple glass. That is, instead of having 
a cork lining, these doors have two or 
three panes of glass arranged insucha 
way that they are air-tight, and forone 
or two air Spaces respectively between 
them. Plate glass is usually used; 
Special chemicals, such as calcium 
chloride, are used to keep the spaces 
between the panes free from moisture. 

The cooling unit for these boxes is 
usually mounted overhead inside the 
cabinet, with a baffle constructed to 


18-7. A walk-in cooler of steel construction. 
(McCray Refrigerator Co., Inc.) 


promote good air circulation aroundit. 
An overhead bunker door is provided 
in the older models to permit access to 
this space. Its size is standardized at 
27 inches wide minimum and 28 to 36 
inches high. Some of these walk-in 
coolers have a side mounted cooling 
unit which has a vertical baffle located 
between it and the main portion of the 
cabinet interior. Forced convection 
cooling units are also used in these 
cabinets, as such an installation elim- 
inates any need for a baffle. 

The temperature maintained in this 
type of cabinet depends upon the use. 
For meat storage or fresh produce 
storage, a temperature of between 


18-8. An ultra-violet ray lamp used in refrigerators to 
minimize bacteria growth. 
(Uitra Violet Products, Inc.) 


35 F. and 40 F. is essential and a 
relative humidity of about 80 per cent 
should be kept. A certainair movement 
is necessary to prevent mold, etc. 


18-9. An ultra-violet lamp being used in a refrigerator 
cabinet. 

(Ultra Violet Products, Inc.) 
Ultra-violet lamps are also used to 
keep bacteria and mold growth to a 
minimum. See Figure 18-8 and Figure 
18-9. An 18'’ tube will give good pro- 
tection to a cabinet 10 x 10 x 12. 
Another method of cleaning the air and 
reducing mold and bacteria is to use 
an activated carbon filter, Fig. 18-10. 

For milk storage, beer cooling, and 
other service in which the dehydration 
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of foods is not important, colder tem- 
peratures may be used as desired and 
less attention may be paid to relative 
humidity. The natural convection cool- 
ing coils used in these cabinets usually 


18-10. An activated carbon filter used for cleaning 
air in a refrigerator cabinet. 
(W. B. Connor Engineering Corp.) 
use 1/2-inch fin spacings and vary 
between 6 inches to 16 inches in depth, 
Fig. 18-11. 


18-6. FLORIST CABINETS 


Florists’ cabinets vary in size and 
construction; they differ from grocery 


18-11, A finned natural convection cooling coil. 
(Frigidaire Div., General Motors Corp.) 
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cabinets and walk-in coolers in three 
ways. First, the temperatures within 
the cabinet may be kept much higher 
than those in the other types of boxes. 
Temperatures between 55 F. and 58 F. 
are quite common. Second, the thick- 
ness of the insulation for these cab- 
inets, as a result of the lesser tem- 
perature difference, is usually but 1 to 
2 inches thick. Third, these cabinets 
are made with an extensive amount of 
window surface, permitting an easy 


18-12. A florist's display refrigerator. 
(McCray Refrigerator Co., Inc.) 
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18-13. An activated carbon air filter installed in florist 
cabinet. Also, note the cooling coils, the hangers and 
the drains. 

(W. B. Connor Engineering Corp.) 
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display of cut flowers within the cab- 
inet, Fig. 18-12. Humidity is an im- 
portant factor in a florist’s cabinet, 
nd should be kept as high as possible 
in order to retard evaporation from the 
surface of the leaves and flowers. 
Many florist cases uses ador=removing 
devices to prevent contamination ofthe 
flowers. An activated carbon filter is 
popular because it reduces mold 
growth, neutralizes ethylene and ex- 
tracts the gases and odors given off by 
the flowers, Figure 18-13. 


18-14. Cross section of glass enclosed display case. 


(Detroit Controls Corp.) 
18-7. DISPLAY CASES 


To display produce to the best ad- 
vantage, stores frequently use refrig- 
erated counters. These counters are 
equipped with glass fronts, enabling the 
purchaser to see the array of articles 
handled by the merchant; at the same 
time this food is safely refrigerated. 
This refrigeration is necessary topre- 
vent the spoiling of the food during the 
8 to 10 hour period that it is stored in 
the display case. Electric lights for 
lighting display cases are usually in- 
Stalled outside of the glass of the case 
in order that the heat generated by the 


lights will not increase the refrigerat- 
ing load. 

There are several different types of 
display cases. These cases vary as to 
design, length and height. There are 
three basically different types: 

1. Glass enclosed display case only. 

2. Glass enclosed display case and 

storage cabinet. 

3. Open display cases. 

a. For fresh produce 
b. For frozen foods, 

Display cases are sometimes class- 
ified as to the location of the cooling 
coil: 

1. Rear bunker display case 

2. Overhead bunker display case 

3. End bunker display case 

The rear bunker display case isa 
modernization of the old display case 
that used cracked ice in a sheet metal 
trough at the rear of the cabinet. It is 
not used anymore. 


18-8. SINGLE DUTY CASE 


A very popular display counter is 
the type using an overhead cooling coil. 
This counter frequently makes use of 
the space below the display portionasa 
refrigerator cabinet, Figure 18-14. 
This counter has the maincooling coils 
mounted in the upper portion of the 


= 


18-15. A shelf cooling coil. Aluminum fins and copper 
tubing are mechanically bonded together. The fins are 
offset. 

(Peerless of America, Inc.) 
display space just underneath the shelf 
which forms the top of the counter. 
This naturally gives very good re- 
frigerating temperatures all the way 
through the display space, Fig. 18-15, 
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In addition, some of this type count- 
ers have shelf coils. They are called 
auxiliary cooling coils. These cooling 
coils are located just underneath the 
shelves; they consist of coils of tinned 
tubing containing evaporating refriger- 
ant so placed that each shelf is in- 
dividually cooled, Fig. 18-16. 


18-9. DOUBLE DUTY CASE 


Many models have storage space 
beneath the display portion of the 
counter which is also refrigerated; its 
cooling coil is usually connected in 
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18-16. A display case cooling coil drain pan. It is com- 
pact, permits good circulation and condensate drainage. 
A. Hangers; B. Individual baffle drains; C. Collector 
drain. 
(Peerless of America, Inc.) 


series with the coils above. The tem- 
peratures maintained may be kept at 
40 F. to 45 F. in both compartments, 
or warmer if desired, because they are 
only temporary containers for the food 
or produce as it should be transferred 
to the walk-in storage cabinet over- 
night. The coils used in these installa- 
tions must necessarily be very narrow 
and they are made with fins as small 
as 14 inches in width, Figure 18-17. 
Some of the shelf coils are the plain 


18-17, A double duty display case using two cooling 
coils. 2 One thermostatic expansion valve is used for 
both coils. 

(Detroit Controls Corp.) 


18-18. Cross section of an open meat display case. 
Note the cooling coil location, the blower and the drain. 
(Tyler Refrigeration Corp.) 


tubing type. Many of these display 
cases are now using blower coils for 
cooling. These coils take little space 
and provide even refrigeration tem- 
peratures throughout the display case. 


18-10. END COIL DISPLAY CASE 


Another type of display counter 
used to some extent is the end bunker 
type. Instead of using cooling coils 
running the full length of the counter, 
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18-19. Open type refrigerated display case. 
(The Warren Co., Inc.) 


the coils are located at each end, Ifthe The higher temperature cases such 
sounter is seven feet long or less, it as for fresh meats, dairy products, 

ay have but one bunker at the end. It 
usually has coils at both ends if the 
counter is longer, These counters vary q ~~~ pes =22===75 A 
rom 35 to 45 inches in height and the a 
glass extends to the floor. The space MIRROR 
within usually contains from two to four 
: 


helves which may be viewed either 
from the front or the top of the case, 
Sometimes the glass is inclined in 
front, but more often is vertical. The 
temperatures that are kept in these 
counters are between 40 F. and 50 F. 
A coil similar to the grocery cabinet 
coil is used in these cases, or blower 


coils may be used. 
| 


18-11. OPEN DISPLAY CASE 


To make foods more accessible to 
customers in self-service markets, 
open display cases are in commonuse, 
Fig. 18-18. 

These cases may be designed with 
or without storage space in the base of 
the unit. The case has storage space 
open at the top and with walls or the 18-20. A cross-section of an open-type dairy products 
upper part of the wall enclosed in (The iter Ce. Inc.) 
double or triple glass panes. 
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etc., do not present any special cooling 
coil problems. Blower cooling coils 
are used and ducts flow the cold air 
through grilles at the rear ofthe caseat 
the same level as the refrigerated 
foods and the warm air return is down 
the front of the case, Fig. 18-19. The 
details of this case are shown in Fig. 


18-20, 


18-21. An open frozen foods display case. 
{Tyler Refrigeration Corp.) 


The low temperature units for dis- 
playing frozen foods present a difficult 
coil defrosting problem. The coils must 
be defrosted at least once a day. The 
defrosting is done as quickly as possible 
to prevent the case from warming up 
too much. The defrosting must be done 
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18-22. The construction details of an open frozen foods 
display case. 
(Tyler Refrigeration Corp.) 


automatically. A time clock is fre- 


18-23. An open type frozen foods display case. 
{Tyler Refrigeration Corp.) 


quently used and it operates a hot gas’ 
defrosting system or anelectric heater 
defroster device. See Chapter 19 for 
details of these systems. l 
An open display case for frozen 
foods is shown in Fig. 18-21. Its con- 
struction is shown in Fig. 18-22. 


aa 


18-24. A cross section of an open frozen foods display 
case. Note the blower fan and the lower storage doors. 
(Tyler Refrigeration Corp.) 


18-12. OPEN FROZEN FOOD 
DISPLAY CASE 


The storage and display of frozer 
foods has become very popular. These 
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kabinets represent a new problem. The 
display cases, either open or closed, 
nave to maintain temperatures near 
F., Figure 18-23 and Figure 18-24, 
he coils therefore must operate at 
10 F. to -15 F. These coils haveto be 
efrosted frequently. Héater wires are 
nstalled along the parts of display 
sases that may collect condensation 
from the air. These heater wires are 
fastened with a mastic. 

Storage cabinets and closed display 
cases are constructed in both the chest 
tyle and upright cabinet type. Because 
of the low temperatures in these cab- 
nets, the insulation is thicker, the 
penings are better gasketed or sealed, 
and the insulation is more carefully 
ermetically sealed. The chest type is 
very popular because the top openings 
orevent the spillage ofthe cold air when 
the cabinet is being used. 


18-13. FROZEN FOOD STORAGE 
CABINET 


The frozen food storage cabinet 
may be either a chest type or an up- 
right type cabinet with very thick 
insulation, 4 to 6 in. hermetically 
sealed. The doors or access openings 
are also heavily insulated and are 
usually provided with a double gasket. 
These cases are used for storage 
purposes only and the food is moved 
from these cases to the display cases 
as needed, These cabinets operate at 
0 F. Due to the low temperature at 
which these cabinets operate, many of 
them are fitted with an electric warm- 
ing coil around the door to keepit from 


freezing closed. 
| 


18-14. FAST FREEZING CASE 


Cases used for freezing foods rapid- 
ly to afrozenconditionare very similar 
to the storage cases except that the 
temperatures are maintained at about 
-20 F. and the food is placed as close 
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to the freezing plates as possible. 
Some cases use refrigerated shelves to 
provide more heat transfer surface. 
These cases are popular on farms and 
in locker plants. 
18-15. ICE CREAM CABINET 

Ice cream cabinets, since their 
inception, have been made of a steel 
frame-work with a sheet metal exter- 
ior, insulated with cork and containing 
either a brine tank or dry coils sur- 
rounding the ice cream sleeves. The 
size of the ice cream tank holders, or 
sleeves as they are called, is stand- 
ardized; therefore the construction of 
the various makes of cabinets is very 
Similar. The insulation is usually four 
inches thick, except on the top, which 
is commonly two inches thick. Slab 
cork is the most popular insulationand 
is very carefully sealed with hydrolene. 
Some ice cream cabinets are self- 
contained, meaning that the refriger- 
ating machine or condensing unit is 
built into one end of the cabinet, and 
some of them are of the remote type. 
The size of these cabinets is based on 
the number of sleeves required tocon- 
tain bulk ice cream cans, They range 
from one to twelve sleeves. The tem- 
perature at which the ice cream should 
be kept is between 10 F. and 0 F. The 
-10 F., is for brick ice cream which 
may be stored in these sleeves andOF, 
is best for bulk ice cream. If the tem- 
perature is too cold, the ice cream 
becomes too hard to serve easily; it 
also tends to become crystallized. The 
cooling units in the past were of the low 
side float type submerged in brine, 
which surrounded the sleeves keeping 
the ice cream cold. However, this was 
too bulky and inconvenient in many 
respects so present models use dry 
cooling coils. Some of the coils con- 
sist of tinned tubing wrapped around 
and soldered directly to the sleeves. 
Other coils consist of sheet metal with 
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18-25. A typical soda fountain cabinet refrigeration installation. Note the two thermostatic expansion valves 
and the two temperature valves. 
(Dole Refrigerating Co.) 
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18-26. A complete soda fountain cycle diagram. Note the solenoid valve and the suction pressure regulator and 
how these valves are used to control temperatures in various parts of the installation. 


(Bush Mfg. Co.) 
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refrigerant passages formed in the 
metal. The sleeve covers, that is, the 
tops to the sleeves which must be 
“raised in order to gain access to the 
ice cream, are also standardized by the 
manufacturers. Having the openings to 
these sleeves at the top:prévents the 
spilling of cold air from the cabinet, 
when opened, and is an easy way of 
access. 


18-16. SODA FOUNTAIN 


Soda fountains are a very compact 
unit for storing and dispensing of ice 
cream, water, beverages, syrups, and 
ice. They are usually of beautiful 
construction and are designed to facili- 
tate dispensing. The fountain usually 
has an ice cream cabinet of typical 
design built into it. Another portion of 
the fountain contains the water-cooling 
mechanism which must be designed to 
maintain correct water temperatures; 
usually the return of refrigerant gas 
from the ice cream cabinet and the 
drinking water cooler is passed around 
the syrups, maintaining them at a 
relatively cool temperature. The bev- 
erages are kept at the same tempera- 
ture as the water. Soda fountain con- 
struction is very compact. As aresult, 
soda fountains are often very difficult 
to service due to lack of space in 
which to work. 

The syrups should be maintained 
about 45 F., the water anywhere from 
32 to 50 F., and the ice cream as 
mentioned, between 0 F. to 10 F. A 
two-temperature valve is almost a 
necessity in this type of installation. 
Figure 18-25 shows a typical soda 
fountain cabinet refrigeration installa- 
tion. 

A cycle diagram of a complete soda 
fountain that is refrigerated by one 
condensing unit is shown in Figure 
18-26. The soda fountain consists ofan 
ice cream compartment, asyruprail,a 
bottle compartment, and a beverage 


cooler, Thermostatic expansion valves 
are used; the ice creamcoil has a check 
valve, the syrup coil and bottle com- 
partment coil are controlled by a two- 
temperature valve, while the beverage 
cooler has a solenoid liquid line shut- 
off valve. Note the sight glass, the heat 
exchanger, and the dryer mounted inthe 
refrigerant lines near the condensing 
unit. 

A bobtail soda fountain is the same 
as the one illustrated except the ice 
cream cooling coil is not used. 


18-27. A self contained water cooler. 
(Temprite Products Corp.) 


18-17. WATER COOLER 


There are really no cabinets used 
for the containing of water-cooled 
mechanisms in the strict sense of the 
word. The so-called cabinet is a sheet 
metal housing built around a steel 
framework, to give a pleasing appear- 
ance to the fountain. Inside this sheet 
metal housing is usually constructed 
the condensing unit, located near the 
floor, and above this is the water- 
cooling mechanism. This latter is the 
only part insulated from the room. The 
insulation is usually aspecially formed 
slab cork between one and one-half 
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18-28. A diagram of a self-contained water cooler. 


(Ebco Mfg. Co.} 


inches and two inches thick. These 
cabinets are made in such a way that 
One Or more sides may be easily re- 
moved to gain access to the interior, 
Fig. 18-27. Water-coolers frequently 
use heat exchangers. These make use of 
the low temperature of the waste water 
and the suction line to pre-cool the 
fresh water line to the cooling coil. 
Individual coolers are of the bottle 
cooler type or designed to connect tothe 
plumbing system. The bottle coolertype 
uses five-gallon bottles of water mount- 


ed inverted on the top of the cabinet. 
Overflow and drain water are storedin 
a container built into the cabinet below 
the top. These coolers use air cooled 
condensing units exclusively. They are 
used where water and drains are not 
available or where the plumbing in- 
stallation may be expensive. 

Those water coolers using a plumb- 
ing supply and a drain connection, 
must be installed according to the 
National Plumbing Code and the local 
code, See Fig. 18-28. The plumbing 
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18-29. A bottle beverage refrigerated dispenser. The 
cabinet doors are open showing the interior structure. 
(Mills Industries, Inc.) 


should be concealed. A hand shut-off 
valve is required in the fresh water 
line. The drain pipe must be at least 
the 15 in. size. The bubbler opening 
must be above the drain in such a way 
as to eliminate the chance for acci- 
dental syphoning the drain water back 
into the fresh water system. 

The temperatures of the cooling 
water are variable depending on the 
wishes of the persons who are drinking 


_ the water. For laborers inheavy work- 


ing conditions 50 F. to 55 F. is cold 
enough. REFER TO PARAGRAPH 21-28 
FOR RECOMMENDED TEMPERA- 
TURES. One must be careful to use 
clean materials for the water passages. 

In large business establishments, 
in office buildings, or in factories, the 
multiple water-coolers, instead of in- 
dividual ones, are the most popular. 
These coolers have one large con- 
densing unit supplying many bubblers 
and these are of many different con- 
structions. 

The basin of the water cooler is 
made of porcelain coated, cast iron, 
porcelain coated steel or stainless 
Steel. 
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18-30. The wiring diagram for a refrigerated bottled 
beverage coin-operated dispenser. 
(Mills Industries, Inc.) 


18-18. BEVERAGE COOLER 


A very popular application of re- 
frigeration is the cooling of bottled 
beverages. Most people are familiar 
with the automatic bottle dispensers 
(coin operated). These units contain a 
refrigeration system. The system is 
hermetic and usually has blower type 
cooling coil to cool the bottles. The 
automatic bottle handling devices are 
powered by a separate motor. 

The bottled beverage units are 
available in several designs. Some 
dispense only one beverage while some 
can dispense several different kinds of 
beverages. Figure 18-29 illustrates a 
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bottle unit with the doors open and the 
condensing unit front cover removed. 

The coin unit is in the right door 
while extra bottles are stored in the 
left door. The condensing unit is locat- 
ed in the bottom of the cabinet while 
the blower cooling coil is mounted 
behind the two-bottle chute openings. 

The automatic operation of this unit 
with its vending motor, magnets, signal 
lights, relays, etc. necessitates a wir- 
ing system, Fig. 18-30. 

Many commercial establishments 
use special cabinets for cooling bottled 
beverages, Fig. 18-31. These cabinets 
also use blower type cooling coils, 
Fig. 18-32, 

A blower coil that is very compact 
(as small as 7 x 9 x 9$ in.) and is 


18-31. A dry bottled beverage cabinet. This unit is 
called a three-door model. It uses a remote con- 
densing unit. 

(National Cooler Corp.) 


used in beverage coolers, soda foun- 
tains, vending machines, etc., is shown 
in Fig. 18-33. This coil has a circular 
finned coil. It is known as a ‘‘pie 
plate’’ coil. 


18-19. AUTOMATIC ICE MAKER 


Many commercial establishments 
have need for ice. Ice cube makers 
for many years used ice cube trays 
and shelf cooling coils placed either in 
separate reach-in cabinets or in back- 
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18-32. A cross section of a dry bottled beverage cooler. 
lt has a forced convection cooling coil. 
(National Cooler Corp.) 


bar storage units. They were either 
self-contained mechanisms or connect- 
ed into multiple installations. 

The cubes manufactured in these ice 
cube trays however were cloudy due to 
entrapped air in the ice. 

Automatic ice makers are now on 
the market. These units automatically 
control the water feed, automatically 
freeze the water into ice, empty the ice 
into storage facilities, and finally stop 
when the storage space is full. 


18-33. A cylindrical blower coil complete with hangers 
(A) and drain (B). This unit is used in soda fountains, 
beverage coolers, vending machines, etc. 
(Peerless of America, Inc.) 
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There are a number of different 
type units on the market. Floats and 
solenoids are used to control the water 
Weight switches are used to 
operate the storing action when the ice 
is made. Removal of ‘the ice from the 


18-34. An automatic ice cube maker with the unit above 
and the storage bin below. 
(York Corp.) 


| freezing surfaces is accomplished by 


using electrical heating elements, hot 
gas defrosting, or mechanical ice re- 
moval, 
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These units use as much as 5 in. 
of insulation and use condensing units 
up to 3/4 H.P. 

An ice cube maker witha capacity of 
8,000 ice cubes per twenty four hours 
or about 450 pounds of ice each day 
is shown in Fig, 18-34. 


Its refrigeration mechanism is 


18-36. An immersion type dairy milk cooler. Note the 
condensing unit on the left and the water pump motor 
housing and control. 


(Esco Cabinet Co.) 
shown in Fig. 18-35. Water flows 
through vertical stainless steel tubes 
and when a hollow square length of ice 
is formed the refrigeration stops, hot 
gas defrosting starts and as the long 
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18-35. A schematic view of an automatic ice cube maker. Some of the water is used to cool the condenser 
while some of it is used to make ice cubes. 


(York Corp.) 
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square rods of ice slide down the tubes 
they are cut into cubes. When all the 
tubes are empty the refrigeration cycle 
starts over again. 


18-20. MILK COOLER 


A very important application of 
refrigeration is the farm milk cooler. 


18-37. A phantom view of a milk cooler. Note the 
water overflow. This water level insures that the cold 
water is the correct height. The cooling coil is attached 
to the cabinet liner. 
(Esco Cabinet Co.) 


It is necessary to cool milk to 50 F. 
within one hour after the milk has been 
taken from the cow and it is required 
that the milk be kept at a 40 F. or 
lower storage temperature. State laws 
require this application of refrigera- 
tion. The purpose of this refrigeration 
is to keep the bacteria growth at a 
very minimum. 

The rate that bacteria multiply or 
increase in milk is dramatically illus- 
trated by noting the rate that bacteria 
grow at different temperatures. During 
a 24 hour period, the bacteria will 
increase to 2,400 at 32 F., to 2,500 at 
39 F., to 3,100 at 46 F., to 11,600 at 
50 F., to 180,000 at 60 F., and to 
1,400,000,000 at 86 F. One can easily see 
from this data why the milk should be 
cooled. Milk is commonly kept in 10 
gallon cans, standardized as to shape 


and size. The farmer uses a milk 
cooler adapted to these cans. Many of 
the coolers are of the immersion type 
and the cans are inserted in refrigerat- 
ed water, Fig. 18-36. This water is 
circulated by a small motor-driven 
water pump. Some units spray the 
water over the cans to achieve quicker 
heat removal. Other units rock the cans 
to stir the milk in the cans and the 
cooling water outside to produce quick- 
er cooling. Figure 18-37 shows a 


18-38. A front-opening milk cooler. 
(Wilson Refrigeration, Inc.) 
constant water level device which in- 
sures cold water of the proper level 
regardless of the number of cans in 
the cooler. 


REN 


18-39. A bulk type milk cooler. Note the refrigerating 
condensing unit and the pump. 
(Wilson Refrigeration, Inc.) 
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Because the milk laden cans are 
heavy (nearly 100 pounds) some milk 
coolers have side doors and cold water 
is sprayed or flowed over the milk 
cans. These cabinets must have water 
tight doors and a means to°pump the 
water over the cans and store it while 
the cabinet is opened td remove the 
milk cans, Fig. 18-38. 

Cooling milk in bulk is increasing 
in popularity. Figure 18-39 shows a 
bulk milk cooler. The tank is stainless 
steel. The agitator and shaft are also 
made of stainless steel. 

18-21. BAKERIES 

Bakeries are using more refrigera- 
tion to help them improve products. 
Many of their raw products must be 
kept at refrigerated temperatures. 
Frozen ingredients must also be stored. 
Even the water and flour used for 
bread making must be cooled during 
certain periods of the year. Creams 
and custards are better kept in a cool 
temperature. 

Some examples of refrigeration in 
baking are as follows: 

60% humidity 
Butter, liquid milk 

yeast, Syrups, eggs 

fruits, fillings 40 F 

Frozen eggs and 


fruits OF 


Custards, whipped 


cream foods 40 F 
Mixing water 34 F 
Yeast raised dough 
retarding 35 F 
Air conditioning is extensively used 


| in bakeries as the humidity is also 


very important in many baking pro- 
cesses, If bread is fast frozento-10F. 


_ it will remain fresh foralmosta month. 


18-22. FUR STORAGE 


It has been found that if furs are 
passed through a low temperature stor- 


age period, the moth, whether it is in 
the moth stage, egg stage or larvae 
stage will be destroyed. Common prac- 
tice is to first cool the furs to 15 F, to 
20 F. then allow the furs to warmup to 
above 50 F. for 24 to 48 hours. After 
this cycle, which is found to be the 
most effective, the furs are stored at 
35 F. to 40 F. 

The refrigerator is usually con- 
structed like a cold storage room, with 
concrete walls, thoroughly moisture 
sealed with asphalt, corkboard insula- 
tion or its equivalent, and a double 
door. The inside door is a regular 
refrigerator door while the outside 
door is a vault door. 

Blower cooling coils are used to 
force air circulationaround and into the 
furs. The humidity must be kept up to 
55% to prevent drying the skin of the 
furs. 

It is imperative that these storage 
vaults be of fireproof construction. 


18-23. INDUSTRIAL 


APPLICATIONS 


Refrigeration is being used exten- 
sively to aid manufacturing processes. 
The units are of great variety but the 
smaller units are automatic in opera- 
tion. Two very common applications 
are cooling of water which in turn 
cools electrodes on resistance welders 
and the cooling of quenching liquids for 
super cooling of metals for heat treat- 
ing. 


18-24. INDUSTRIAL FREEZING 


OF FOODS 


Industrial freezing of food is car- 
ried on in two types of establishments: 

a. Processing Plants 

b. Locker Plants 
The factory processing type is foundin 
central producing sections suchas near 
canneries. Processors of popular 
brands of frozen foods have freezing 
centers located in many large produc- 
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18-40. Food flow through a freezing plant. 
(American Society of Refrigerating Engineers} 


ing areas in the United States. An 
example of this type of processing is 
the processing of fish whichare packed 
and frozen along the coast and then 
shipped to all parts of the country. 

The locker plant is a smaller unit 
and operated locally, preparing, freez- 
ing and storing products for producers 
and for sale to other customers. The 
types of refrigerating equipment inboth 
plants may vary some, but the plan of 
freezing the food is similar, Figure 
18-40 shows the flow of produce through 
a plant. The food is weighed and checked 
for purity and suitability for freezing. 


18-41. 


It is important to remember that low 
quality food cannot be made first qual- 
ity by fast freezing. Then it moves to 
the processing room. In the processing 
room the meats are cut, fowl are 
cleaned and dressed, vegetables blan- 
ched and all types of meats, fruits and 
vegetables are packaged. Next, the 
foods are sent to the freezing section 
where they are completely frozen and 
made ready for storage, Fig. 18-41. 
An ultra violet ray lamp is usually 
placed in the aging room to kill bact- 
eria, Fig. 18-9. All processing plants 
attempt to freeze the food as fast as 


ae Eai LOCKER ROOM A 


A typical locker plant. A special blast freezer is used to fast freeze the food before it is stored in the 


locker room. 
(Frigidaire Div., General Motors Corp.) 
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18-42. A polar chest freezer rack. 
(American Society of Refrigerating Engineers) 


possible. They also attempt to contact 
as much of the food as possible with 
as low a temperature as possible. 
‘Some foods are immersed in sub-zero 
‘liquids, some are pressed between low 
temperature plates, some are exposed 
‘to blasts of low temperature air and 
“some are sprayed with a cooling liquid. 


18-25. INDUSTRIAL STORAGE OF 


FROZEN FOODS 


The storage requirements of all 
foods are about the same with a tem- 
perature of 0 F., to -20 F. desirable 
and a variation of 2 to 3 F. allowed 
normally. An excessive temperature 
differential produces ‘'breathing’’ and 
volume changes that are detrimental. 
The humidity in the storage rooms 
Should be as high as possible. High 
humidity is accomplished by the design 
of the equipment in the commercial 
freezing plant or by the design of the 
locker plant as the conditions are 
identical. Cooling of the storage area 
may be accomplished by blower coils, 
direct contact plates or brine coils. 


In the smaller plants the customer 
enters the refrigerated area and pulls 
out a drawer containing the food. In 
some locker plants special construction 
makes it possible to deliver frozen 
foods from the storage area to the 
customer without entering the cold 
area, One of these installations is 
called the ’‘Polar Chest,’’ which has the 
lockers below the floor, Fig. 18-42, 
When food is needed the locker is 
raised up through the floor into a room 
of normal temperature. 


18-26. TRUCK REFRIGERATION 


Truck refrigeration requires spec- 
ially designed truck bodies and special- 
ly designed refrigeration units. 

The bodies must be light, well in- 
sulated and withstand hard usage. The 
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18-43. A refrigerated truck body. 
(Dry Zero Corp.) 


construction, of course, must be light 
but sturdy so that continual vibration 
and rough handling will not destroy the 
insulating value of the walls. Various 
insulating materials have been used. 
Figure 18-43. One insulation that has 
great possibilities is the metal foil 
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type explained in Chapter 9. The most 
interesting things about truck refrig- 
eration are the styles and mechanisms 
used. Because of the many uses of truck 
refrigeration, the desired tempera- 
tures naturally vary, therefore each 
problem must be studied before atem- 
perature may be recommended. Dry- 
ice trucks must be insulated for -109 F.; 
ice cream trucks for 0 F.to5F., while 
other commodities often use 35 F. to 
40 F. temperatures. These trucks have 
many variations in application, but the 


18-45. A refrigerated truck that used a dual refrig- 


systems used to produce refrigeration erating system. 

may be divided into three main types: (Lehigh Mfg. Co.) 
ice 
2. Dry ice prises the typical refrigerating unit in 
3. Mechanical most cases, the major variation being 
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18-44. A truck refrigeration condensing unit. It has a transmission power take off for use on the road and a 
standard electric motor for overnight parking and cool down. A hydraulic clutch (A) operated by a solenoid 
valve engages and disengages the compressor from the power sources automatically. 

(Kold Hold Div., Tranter Mfg. Inc.) 


The ice method is used, butbecause in the nature of the compressor drive. 
of weight and loading is decreasing in These drives are: 


popularity. The use of dry ice is in- 1, Engine driven electric generator 
creasing because of the weight reduc- and motor. 

mong and the drainage problem is 2. Driven off the transmission 
eliminated. However, some difficulty is shaft. 

ae in controlling the tem- 3. Separate gasoline engine. 
peratures, The generator and motor use volt- 


Mechanical refrigeration com- ages, cycle, and phases which enable 
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lugging the motor into a wall plug in 
the garage if it is desired to keep the 
ruck cold over night. 
mw The transmission power take-off is 
shown in Fig. 18-44. It uses a Standard 
motor when the truck is parked and 
with engine shut off (overnightparking). 
The gasoline engine drivenunits are 
automatically controlled to start and 
stop as the system requires. 
Some trucks use a dual refrigera- 


tion system. Figure 18-45 shows a re- 


frigerated truck with a refrigerating 
unit mounted on the truck body over the 
cab, This unit is only the standby unit 


18-46. The standby truck refrigerating unit. Note the 
sight ale and the dehydrator. 
(Lehigh Mfg. Co.) 


and is used only when the truck is park- 
ed for any length of time. Figure 18-46 


i shows the inside of this unit. In addition 


to this condensing unit, there is acom- 
pressor mounted on the truck engine 
and driven by the engine, Figure 18-47. 

A diagram of the complete installa- 
tion is givenin Fig. 18-48. 


18-27. RAILWAY CAR 
REFRIGERATION 


Refrigerator cars have long been 
used as a means of transporting perish- 
able goods. However, these cars used 
ice and sometimes salt and ice mix- 


tures as the refrigerating medium. 
Recently, however, to obtain colder 
temperatures and to permit faster 
loading of the cars, mechanical re- 
frigeration has entered this field. As 
far as the cars themselves are con- 
cerned, the constructionis very similar 
to that of the ice car construction, 
except that the builders are continually 
seeking to reduce the weight. 

In order to attack any commercial 
refrigeration problem correctly, one 
must first determine all of the re- 
quirements concerning the job to be 
done; next specify, install, and adjust 


18-47. The truck engine driven refrigeration compressor. 


(Lehigh Mfg. Co.) 


the mechanism to obtain the correct 
operation, Basically the requirements 
are to maintain certain temperatures 
and frequently certain humidities in 
storage spaces. How it is done is not 
so important as that it is done econom- 
ically and consistently. 

Refer to Chapter 21 for methods of 
calculating heat loads. 

Two different types of refrigeration 
systems are used on trains. These are 
freight refrigeration and air-condition- 
ing in passenger cars, 
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18-48. A truck refrigerating system which uses an engine driven compressor and a stand-by motor driven com- 


SUCTION LINE 


pressor. 


(Lehigh 


Freight refrigeration may be by 
means of water ice, dry ice, or mech- 
anical refrigeration. The present trend 
is toward mechanical refrigeration. 
Passenger car air-conditioning is by 
mechanical refrigeration. 

The compressors, in mechanical 
installations, are usually driven from 


18-49. A fast freezer for malteds, sherbets and custards. 
Two freezers are shown with a soda fountain installed 


between them. 
(Sweden Freezer Mfg. Co.) 


Mfg. Co.) 


motion and by an electric motor while 
the cars are in the yard. 

Some train refrigeration systems 
have been developed using the absorp- 
tion system. Others have employed the 
steam jet system of refrigeration. 

Marine Refrigeration is basically 
the same as land-type equipment. How- 
ever, the refrigerants used are re- 
stricted to ones which are non-toxic 
and non-flammable. All cases are very 
carefully sealed in to exclude the pos- 
sibility of moisture entering the in- 
sulation. Refrigerant lines must be in- 
stalled to permit some vibration without 
danger of becoming broken. 


18-28. ICE CREAM MAKERS 

A special application of refrigerat= 
ing systems is the frozen custard or 
ice cream making machines. These 
units use a large refrigerating machine 
to fast freeze the mix. The same or 
another motor is used to drive the 
stirring mechanism (dasher), A 1/2 
H.P. refrigerating unit can fast freeze 
one gallon (32 two-ounce servings) of 
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18-50. An exploded view of an automatic fast freezer. Note the dasher, the gate plunger and the dasher drive 


shaft. 


(Sweden Freezer 


custard 
18-49, 
Some units are continuous in oper- 
ation, Thermostat expansion valves are 
usually used as the refrigerant control. 
The machine is usually adjusted to 
deliver the custard or sherbets at 20F, 


in about six minutes, Fig. 
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Mfg. Co.) 


A total of 3 H.P. can operate the re- 
frigerating unit and drive the dasher 
for a 12.5 gallons per hour capacity 
unit. A 25 gallon per hour capacity unit 
usually uses a 2 H.P. dasher motorand 
a 3 H.P. refrigerating unit. The larger 
units are water cooled. 
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A mix storage or supply cabinet is 
usually used with three units to store 
the mix until it is used. 

Figure 18-50 shows an exploded 
view of a cabinet and the controls. The 
units must be kept as cleanas possible. 


18-29. REVIEW QUESTIONS 


1, What cabinet temperatures are 
recommended for the following 
commercial installations, water- 
cooling, walk-in coolers, flor- 
ist’s cabinet, and ice cream 
cabinet? 

2. Why is it necessary that the 
doors and windows in these cab- 
inets be air-tight? 

3. What is the purpose of dead air 
spaces formed between the two 
and three pane windows in these 
cabinets ? 

4. How is moisture kept out from 
between multiple pane windows? 

5. Why are the lights of the display 
counters usually located outside 
of the counter? 

6. If one were to mount a thermo- 
meter in one of the walk-in 
cabinets, where would one find 
the average temperature? 

7. Why are most commercial re- 
frigeration installations of the 
multiple type? 

8. To what temperature would you 
permit water to be cooled, (a) if 
the bubbler was located in the 
heat treating room of a tool and 
die factory? (b) in an office 
building? 

9. Why does the length of the count- 
er affect the number of end bunk- 
ers in an end bunker display 
cabinet? 

10. Why must the humidity be kept 
very high in produce storage 
cabinets ? 


11. How is the cold air kept from 
spilling from the open display 


cases? 

12. What is a double duty display 
case? 

13. Where are the cooling coils 


located in open display cases? 

14. How are frozen food open display 
case coils defrosted? 

15, What are the two basic types of 
ice cube makers ? 

16. What is hot gas defrosting? 

17. Why does the typical milk can 
cooler have a water pump? 

18. Why must milk be cooled shortly 
after it has been taken from the 


cow? 


18-51. A cascade refrigerating system. The condenser 
(B) of system I is being cooled by the cooling coil (C) 
of system 2. This arrangement enables the production 
of very low (ultra-low) temperatures in the cabinet 3. 
A Ultra low cooling coil, D condenser of system 2, XY 
refrigerant controls, R liquid receivers, 4 heat exchanger. 


18-30. CASCADE SYSTEMS 


One of the means used to obtain 
ultra-low temperatures is to place two 
or more refrigerating systems in se- 
ries (cascade system). This method 
uses the cooling coil of one machine to 
cool the condenser of the other machine. 
See Fig. 18-51. Usually two different 
refrigerants are used, each being 
adapted to the temperature-pressure 
conditions under which it operates. For 
example, system 1 could use Refriger- 
ant 13 (Freon 13) while system 2 could 
use Refrigerant 22 (Freon 22). 
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Chapter 19 


COMMERCIAL REFRIGERATION 


SYSTEMS AND MECHANISMS 


The refrigerating machines used to 
refrigerate the multitude of commer- 
cial refrigeration applications vary 


_ considerably in size andin appearance. 


i 
i 


| 19-1. 


' Small machines (1/8 H.P) are used for 


beverage coolers, dehumidifiers, etc. 


Up to 7 1/2 and 15 H.P. machines are 


used for frozen food walk-in cabinets, 
industrial cooling, etc., Fig. 19-1. 

It is difficult to cover all of these 
mechanisms and in this chapter an at- 
tempt is made to explain the design, 
construction and operation of the most 
popular units. 


CONSTRUCTION OF 
REFRIGERATING 
MECHANISM 


The same fundamental types of 
cycles are used in commercial re- 
frigeration that are used in the field 
of domestic refrigeration. These are 
the mechanical cycle and the absorp- 
tion cycle. 

The absorption cycle is treated in 
this particular part of the text, but is 
discussed in Chapter 14. The construc- 
tion and operation of them is very 
similar to the ones studied in Chapter 
14, These absorption machines are 
used for water-cooling, ice cream 
cabinets, and other smaller commer- 
cial applications. 

The mechanical cycle and mechan- 
ism vary from that of the domestic 
cycle mainly in the multiplicity of 


cooling units connected to one con- 
densing unit and the special designs 
required for larger units. 

The following discusses details of 
construction of the various mechanical 
commercial refrigerating machines: 


19-2. THE MECHANICAL CYCLE 


Most of the commercial refrigerat- 
ing apparatus is of conventional design 
(completely serviceable), but many of 
the single applications such as bottle 
coolers, beverage dispensers, and ice 
cream cabinets are constructed in the 
hermetic style, using apparatus very 
similar to the designs shown in Chap- 
ter 10, except that the cabinet varies 
according to the application. 

The conventional refrigerating 
machine is composed fundamentally of 
parts very similar to those of the 
domestic machine. The unit is con- 


structed tovaporizea refrigerant under 
a controlled pressure in a cooling coil. 


The gas formed is then passed to the 
condensing unit which removes the heat 
from the gas and reconverts it intoa 
liquid, Figure 19-2, 

Only two pressures are needed, the 
vaporizing pressure (low) and the con- 
densing pressure (high). See Chapter 1. 


19-3. COMPLETE MECHANICAL 
MECHANISM 


The single unit commercial refrig- 


429 


VALVE 


Cai 


LIQUID LINE 


b) AUTOMATIC 
PA WATER VALVE 


are 
Vea 
ATER INLET 


RECEIVER 


LEGEND 
GHE aws wren 


19-1. 


“Yeas DOO OTTEITA ttre ee va 


ji a |); 
| cS 
i Ww Dy 


(a mm amr temameee re an 
CEEE] eer Les ree (or msan CE uao oc aweraanr 


COMPRESSOR 


DUAL 
PRESSURE CONTROL 
Cee] Compcatws Pat (ey ARA rend) 


A typical commercial water-cooled unit showing a tube-within-a-tube condenser and a water cooled 


compressor head. 
(Tecumseh Products} 


erating mechanism apparatus consists 
of: 
A. The high pressure side, Fig. 19-2: 

1, The compressor 

2. The condenser (usually air- 
cooled) 

3. The liquid receiver 

4, The high pressure safety mot- 
or control 

5. The liquid line 

B. The low pressure side: 

1, The refrigerant control (ther- 
mostatic expansion valves or 
lowside floats) 

2. The cooling unit 


3. The low pressure ortempera- 
ture motor control 
4. The suction line 
The multiple mechanical mechanism 
consists of: 
A. The high pressure side 
1. The compressor 
2. The condenser 
a) Water-cooled or air- 
cooled 
3. The liquid receiver (with an 
air-cooled condenser or with 
a tube within a tube condenser) 
4. The high pressure motor con- 
trol (safety) 
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19-2. A typical commercial system cycle using an air cooled condenser, a thermostatic expansion 
valve, and a V-type compressor. 
(Carrier Corp.) 
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5. The liquid lines (with a dis- 
tributing manifold) 

6. A water valve (used with a 
water-cooled unit) 

B. The low pressure side 

1, The refrigerant controls (two 
or more which*may be either 
of the low side float or the 
thermostatic expansion valve 
construction) 

2. The cooling units (two or more 
which may be of the natural 
convection, forced convection, 
or submerged types) 

3. The motor control (which is 
usually of the pressure type) 

4. The suction lines with a suc- 
tion line manifold, 

5. Two-temperature valves (for 
multiple temperature installa- 
tions) 


19-3. An air-cooled conventional commercial condens- 

ing unit. It has a three pass air cooled condenser, a two 

cylinder vertical compressor, a three belt drive, a high 

pressure safety cut-out, and a glass oil level indicator. 
(Brunner Mfg. Co.) 


6. Surge tanks (for absorbing 
pressure fluctuations) 

7. Check valves (for multiple 
temperature installations) 

The condensing units are mounted 

on steel or cast iron bases, the motors 

are connected to the compressor by 

one, two, or three belt drives. A large 

two-stage condensing unit is shown in 

Fig. 19-4. It is a 25 H.P. unit and has 


two 2 1/8 in. solder-type suction line 


19-4. A water cooled commercial condensing unit,. 
which has a four cylinder, V-type compressor a shell and 
tube water ccoled condenser, flange type suction line 
connections. This unit is a two-stage compressor with 
three cylinders pumping gas into one high pressure 
cylinder (far right cylinder). 
(Brunner Mfg. Co.) 


connections and one 1 3/8 in. solder- 
type liquid line. It is designed for low 
temperature work and has a 40,600 
Btu/hr. capacity at -52 F.. 

A fabricated steel frame is used to 
hold the shell and tube condenser of 
the S.H.P. unit shown in Fig. 19-5. 
Note the universal electric motor 
mount, The suction line connects tothe 
right side of the compressor. The 
piping is fastened to the compressor 
by four bolt flanges. 


19-5. A five horsepower water cooled commercial con- 
densing unit. 
(Frigidaire Div. General Motors Corp.} 
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19-4. COMMERCIAL HERMETIC 
UNITS 


Many companies are now producing 
larger hermetic units. Some companies 
have produced commercial hermetic 
units for years, Several companies are 
now producing units up to 7 H.P. and 
they are proving to be very satisfac- 
tory. Some of these units are of the 
bolted assembly type. Some units are 
welded or soldered together. However, 


19-6. A commercial hermetic condensing unit. 
(Copeland Refrigeration Corp.) 


19-7. A 1⁄4 H.P. commercial hermetic condensing unit. 
An air cooled condenser is used and a separate motor is 
used to drive the condenser fan. 
(Tecumseh Products Co.) 
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19-8. A commercial motor-compressor unit with service 
valves. 
(Frigidaire Div., General Motors Corp.) 


they are all equipped with service 
valves and may be connected to any type 
of condenser or cooling coil desired. 

The chief advantage in the use of 
hermetics in the commercial field is 
the elimination of the crankshaft seal 
and belts, Fig. 19-6. 

Because any trouble in the com- 
pressor mechanism involves both the 
compressor and the motor, it is es- 
sential that the service man be extra 
cautious that moisture and dirt do not 
enter these systems. 

A 1/4 H.P. commercial hermetic 
condensing unit is shown in Fig. 19-7. 
Note the suction service valve on the 
compressor dome, the liquid receiver 
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service valve onthe receiver, and the 
forced convection condenser. A motor- 
compressor equipped with a fan con- 
denser, a shroud, and service valves 
is shown in Fig. 19-8. The internal 
design of a motor-confpressoris shown 
in Fig. 19-9. The motors are single 
phase in the smaller units but three 
phase motors are used in the units 
over 1/2 H.P., Fig. 19-10. 


i 


19-9. A cross-sectional view of a hermetic motor-com- 
pressor as used on commercial condensing units. 


{Tecumseh Products Co.) 


19-5. THE COMPRESSOR 


The typical conventional commer- 
cial compressor is of vertical reci- 
procating construction, made of one 
or more cast-steel nickel-alloy cylin- 
ders which use cast-iron pistons, 
driven by means of a drop forged 
connecting rod and a hardened steel, 
full-floating piston pin. 

The connecting rod is attached toa 
crank throw type or eccentric type of 
crankshaft which is drop forged and 
case hardened. The bearings are typic- 
ally bronze alloy. Main bearings are 
made of a similar material although 
some companies use the crankcase 
material for main bearings. 


The crankshaft seal may be of the 
type wherein the bellows is stationary 
and presses against a crankshaft 
shoulder, or may be of the type where 
the bellows is sealed to the crankshaft 
and revolves with it. The oiling of the 
compressor is done by the splash sys- 
tem or by a force-feed lubrication to 
all moving parts. 

The compressors usually have a 
double cylinder head. The intermediate 
one carries the exhaust valves. The 
cylinder heads are made of the same 
material as the cylinder body, although 
some companies make the intermediate 
one of steel plate, Fig. 19-11. The in- 
take valves and the exhaust valves are 
made of very thin spring steel, similar 
to those used in the domestic models. 
The design, however, changes with the 
size of the unit. Large compressors use 
multiple disks and port openings in- 


19-10. A three-phase electric motor as used in larger 
hermetic refrigeration units. A. Rotor; B. Stator. 
(The Emerson Electric Mfg. Co.) 


stead of the single opening employed 
in domestic units. The intake valve is 
usually located in a plate between the 
cylinder head and the cylinder, but the 
design varies with practically every 
manufacturer. 

Almost without exception the pis- 
tons are equipped with two or more 
rings. The clearances permitted for 
all moving parts are a little more than 
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19-11. A cross section view of a two cylinder commercial compressor. Note the valve plate and the rotary seal. 
(Brunner Mfg. Co.) 


those allowed in the domestic mechan- 
isms, but they are one thousandth of 
an inch (.001) or less. The cylinder 
heads of these compressors must be 
cooled; radiating fins are therefore 
constructed into the cylinder head and 
cylinder body in the smaller sizes, 
Refrigerant-cooled and water-cooled 
heads are the ruleinthe larger models. 
The speed of these compressors is kept 
to a minimum. Since the belief is that 
slow speed enables a longer-lived and 
a more efficient compressor, the usual 
speed varies between 300 and 500 r.p.m. 
The means for driving these compres- 
sors is almost universally the V-type 
belt in multiple. One finds two to ten 
belts quite common as the power trans- 
mitting medium. 

The service valves in the smaller 
units are exactly the same as those 
described for the domestic conven- 
tional designs. In one-ton machines 
and larger, especially those using 
stream-line fittings, a different stan- 
dard has been developed. On the larger 
mediums the valves are still of the 
two-way type, but instead of the typical 
two-bolt flange, these valves are often 
attached by means of four bolts and 


are gasketed with recessed lead gas- 
kets. 

The very largest units have these 
valves furnished with hand wheels, 
whereas the others use a 3/ 8-in. square 
steel stem. Many companies are now 
producing compressors with oil level 
sight gauges, because of the import- 
ance to the life of the compressor in 
having the oil level correct. 


19-6. AIR COOLED CONDENSER 


Air-cooled condensers are quite 
common in the smaller units, or where 
cooling water is not available. These 
are cooled by a large fan located on 
the motor or built into the compres- 
sor flywheel on the conventional units. 
Hermetic units use special motors to 
drive the fan. 

The efficiency of the air-cooled con- 
denser may be increased by the use of 
a metal shroud around it and the use 
of a cooling fan. Air can be drawn 
through the condenser or driven through 
it. These condensers have dip soldered 
fins and a double or triple layer of 
tubes is frequently used. 

In order to cool the compressor 
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head and valves, a double air-cooled 
condenser is used by one of the com- 
panies. This condenser is so arranged 


“that the refrigerant, when leaving the 
g 


| 


compressor, passes through one con- 


denser and is then led back through 
jackets surrounding the-cylifider head. 


From there it goes into the second 


condenser where it is finally cooled 
and condensed into a liquid. The par- 
tially cooled refrigerant, as it passes 
through the compressor head, keeps the 
compressor head cool. 

See Chapter 8 for determining con- 


densing temperatures and pressures 


when an air-cooled condenser is used. 


In many communities, water cooling has 


j 


been drastically curtailed or prohibited 


for refrigerating systems and air con- 


ditioning systems. 

Air cooled condensers have been 
developed that enable large units to 
Operate quite efficiently. These units 
can be mounted outdoors or indoors 
using ducts. The units use a minimum 
of accessories and are virtually main- 
tenance free, Fig. 19-12. The unit is 
mounted on a platform for better air 


19-12. A commercial system remote air cooled con- 
denser designed for mounting outdoors or in a duct 
system. 

(Peerless of America) 


circulation and the fan and motor have 
a protective hood mounted over them. 


i. 


peered Reece 
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19-13. A water-cooled condenser which also serves as 
the liquid receiver. A. Refrigerant out; B. Refrigerant 
in; C. Water in; D. Water out. 

(Williams Oil-O-Matic Heating Corp.) 


19-7. WATER COOLED 
CONDENSER 


The most common ofthe condensers 
used for cooling commercial refriger- 
ating apparatus is the water-cooled 
type. This condenser is built in two 
different styles. 

One style is constructed so the re- 
frigerant goes directly from the com- 
pressor into the interior of a tank or 
shell. 

The other type uses two pipes or 
tubes one within the other. The refrig- 
erant passes one way through the outer 
pipe, while the condenser water passes 
the other way through the inner tube. 


19-8. SHELL TYPE CONDENSER 


The shell type condenser or shell 
and tube type as it is commonly called, 
is a tank made of steel with copper 
tubes inserted in the shell. Water cir- 
culates through the tubing and con- 
denses hot gases into a liquid. The 
bottom of the shell serves as the 
liquid receiver, Figure 19-13. The ad- 
vantages of this style of construction 
are compactness of design, the elim- 
ination of fans and a separate condens- 
er. Also, it enables a very flexible 
type of assembly. Some companics 
produced this type of condenser with 
the exception that instead of a coil of 
copper tubing being used as the water 
passages, the liquid receiver was made 
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with a double wall; the cooling water 
circulated between the double walls of 
the liquid receiver. 


19-9. TUBE-WITHIN-A-TUBE 
CONDENSER 


The other type of water-cooled con- 
denser, which is becoming very popu- 
lar because it can easily be made to 
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DOUBLE PIPE COUNTER-FLOW CONDENSER 


19-14. A tube-within-a-tube water-cooled condenser. 
(General Refrigeration Sales Corp.) 


fit the size of the unit to be cooled, 
is the double tube type. One tube is 
put within another in such a way that 
water passing through the inside tube 
cools the refrigerant in the outside 
tubing, Fig. 19-14. The outside tubing 
is also cooled by the air in the room, 
enabling very efficient operation. This 
condenser may be constructed either 
in the cylindrical spiral Style or in 


19-15. A tube-within-a-tube condenser designed to per- 
mit cleaning the water tubes (inner). The clean out plate 
is removed in the right hand view. 

(Halstead and Mitchell} 
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19-16. Detail of the construction of a tube-within-a-tube 
condenser. Note how both the refrigerant tubes and the 


water tubes are silver brazed into the header. 
(Halstead and Mitchell} 


the rectangular style, Fig, 19-15. 

The water enters the condenser at 
the point where the refrigerant leaves 
the condenser to go into the liquid re- 
ceiver, and the water leaves the con- 
denser at the point where the com- 
pressor is connected to it. This is 
called the contra-flow construction. 
The warmest water is adjacent to the 
warmest refrigerant, and the coolest 
water adjacent to the coolest refriger- 
ant, Fig. 19-15, 

Water-cooled compressors are 
sometimes used with water-cooled con- 
densers, The water flow, with few ex- 
ceptions, is through the condenser 
first, then through the cylinder head, 
and finally out into the drain. The 
water flow through these condensers 
is regulated by means of an automatic 
water valve, Paragraph 19-49, 


19-10. COMBINATION 
CONDENSERS 


To economize on the consumption 
of water, some commercial units have 
both air-cooled and water condensers, 
These condensers are connected to- 
gether. Under ordinary conditions only 
the air-cooled condenser is used. How- 
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ever, if the unit is pumping consider- 
able gas, or if the air temperature 
rises too much, the head pressure of 
he unit will rise enough to force a 
water valve open. The condenser then 
starts to cool with both air and water, 
Fig. 19-17. = 


19-11. COOLING TOWERS 


In some localities the water con- 
tains chemicals (hard water), or water 
may be very scarce, expensive, and its 
use may be limited by law. 

To enable a user to have a water 
cooled mechanism and yet save con- 
siderably on water consumption, water 

' cooling towers have been built. These 

cooling towers cool adequately and use 
only about 15 per cent as much water 
as a direct water flow to the drain 
would consume. These cooling towers 
are small copies of the spray towers 
used in large industrial refrigeration 
systems, 

One system connects the water 
lines of the condenser toa water coil 
in an enclosure. A pump forces the 
water through the coil in the tower. 
The coil is pierced with holes and the 
water is sprayed into the enclosure, A 
motor driven fan forces air through 
the enclosure. The air rushing through 
the sprayed water, evaporates some of 
it and the evaporation cools the re- 
maining water to the outdoor tempera- 
ture or even lower. The cooled water 
collects in the bottom of the enclosure 
and is picked up through a screen and 
recirculated through the condenser. 
Chemicals may be put in the water to 
retard rust formation, fungus growth, 
ete. 

Another method is to have an in- 
door storage tank for the water cooled 
by the cooling tower. A water pump re- 
moves the water from the storage tank, 
forces it through the condenser and 
then up to the cooling tower. After the 
water has been evaporative cooled in 
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the cooling tower it drains to the stor- 
age tank. The storage tank has a float 
controlled refill or make-up valve to 
replace the evaporated water with city 
water or well water. This float oper- 
ates similarly to a refrigerant low- 
side float mechanism. The cooling 
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19-17. A combination air and water cooled condenser. 


(Bush Mfg. Co.) 


19-18. An evaporative condenser. 
(Baltimore Air Coil Co., Inc.) 
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tower fan motor operates only when 
the storage tank water temperature 
rises above a temperature set by a 
thermostat bulb located in the storage 
tank water. 

The cooling towers are made as 
corrosion proof as possible, The struc- 
tures are zinc dipped (galvanized) after 
assembly, they are made of copper, of 
stainless steel, and of rot-proof wood. 

Both the cooling tower and the stor- 
age tank have overflow pipes, that carry 
any excess water to thedrainsystem of 
the building. 


See Chapter 21 for details of sizes 
and capacities. 


19-12. EVAPORATIVE 
CONDENSERS 


Another system carries the refrig- 
erant into a condenser locatedinanen- 
closure similar to the cooling tower. 
In this device water is sprayed over 
the condenser to cool it. The water 
cycle is all in the condenser cabinet 
in this system. Longer refrigerant runs 
are usually needed tocarry refrigerant 


19-19 The use of a "dryer" coil (A) to prevent a sweat- 
ing or frosting suction line outside the fixture. This type 
coil is usually of the defrosting type. 

(Detroit Controls Corp.) 


to the evaporative condensers, Figure 
19-18. The air action and the refriger- 
ant action in an evaporative condenser 
are in Chapter 29. 

Usually the evaporative condenser 
is mounted out of doors; however, it 


is possible to locate an evaporative © 


condenser indoors by providing air 


ducts to and from the condenser to the © 


outside. 


Some systems pump the water toa 
tray located above the condenser and — 


the water drips over the coils as air 
is forced through the coils. A thermo- 
stat can be used to control the water 
flow. A fan operates to blow air over 
the condenser at all times when the 
condensing unit is operating. The water 
is turned on by the thermostat only 
when the condenser temperature ex- 
ceeds a certain level (100 F. or more). 


19-13. LIQUID RECEIVER 


The liquid receiver is a steel tank ` 


of welded construction and is usually 
equipped with two servicing valves; one 
is the typical liquid receiver service 


valve mounted between the liquid re- 


ceiver and the liquid line, the other is 
a second liquid receiver service valve 
which is installed between the liquid re- 
ceiver and the condenser. These two 
valves enable one to disconnect the li- 
quid receiver or the condenser from 
the system separately. All receivers 
are equipped with safety devices. The 
minimum safety device is a thermal 
release plug while some receivers have 
both the thermal and pressure re- 
leases. A special line may be installed 
to carry any released gas outdoors. 


These cylinders are usually of cy- 
lindrical form mounted either in a 


vertical or horizontal position. The © 


horizontal style is usually suspended 
underneath the compressor and motor 
frame, 

Some companies are now providing 
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these liquid receivers with a device 
whereby the level of the liquid refrig- 
erant may be easily determined. 

» Inthe constructioninvolvinga water 
coil inside the liquid receiver the shell 
is similar to the one just explained, but 
it is usually larger for_the Same size 
compressor unit. 

The connections where the water- 
cooling coil enters the tank may be 
either brazed or soldered. Brazing is 
preferred because of its greater mech- 
anical strength. 


19-14. COMMERCIAL COOLING 
UNITS 


Because of the great variety of de- 
mands in commercial refrigeration, 
special cooling unit designs are re- 
quired for many installations. These 
cooling units vary from coils of tubing 
immersed in a sweet water bath to 
forced circulation cooling units which 
have the air driven over the coils by 
means of an electric fan. 

Cooling coils may be divided into 
two main divisions: 

1. Those that are used for cooling 
air which in turn cools the contents of 
the cabinet. 

2. Those that are submerged in a 
liquid such as brine or a beverage 
which is to be consumed. 

Coils for cooling air are of two 
types. The most popular for most ap- 
plications is the natural air convec- 
tion coil. In this type the air circula- 
tion depends only on gravitational cir- 
culation. The three different classes 
of natural convection, air cooling coils 
are: 

1. The frosting type of coil 

2. The defrosting type of coil 

3. The non-frosting type of coil 
It is the condition under which a coil 
operates which determines under which 
of the above classifications a particular 
coil falls. The governing conditions are 
the desired temperature range of the 


cabinet and the temperature difference 
between the coil and the cabinet. Any 
particular coil may be operated under 
any of the above conditions; i.e., frost- 
ing, defrosting, or non-frosting. How- 
ever, in air-conditioning and in some 
other installations, non-frosting forced 
circulation air-cooling coils are be- 
coming the only ones used. 


19-15. FROSTING TYPE COOLING 
COIL 


The frosting type of coil was the 
first one produced by the refrigerating 
companies for use in cabinets of ail 
kinds. The coils were of the low side 
float control type and consisted of a 
very small amount of fin area held at 
a very low temperature. These coils 
never become warm enough (over 32 F.) 
to allow the frost accumulationto melt. 
These units were constructed of coils of 
seamless copper tubing brought out of 
the low side float chamber and run back 
into the same chamber. To these coils 
were soldered large copper fins, The 
coils were usually all soft soldered. 
The fins were of thin copper sheet 
(.015-inch to .025-inch) reinforced 
around the edges and aligned with thin 
strips of metal. The cooling coils were 
usually tinned, or in some other way 
were made non-corrosive. These coils 
had to be manually defrosted, as the 
gradual accumulation of ice on the fins 
of the coil decreased the heat remov- 
ing capacity of the coil tremendously. 
The frost which formed on the coils 
came from moisture in the air. This 
withdrawl of moisture from the air 
left it dry, and the dry air in turn 
rapidly dried out the food in the cabi- 
net. 


19-16. DEFROSTING: COOLING 
COIL 


To eliminate the difficulties en- 
countered in defrosting the frosting 
type coils, companies have produced 
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a coil which may be classified as the 
defrosting type. This coil is used with 
the thermostatic expansion valve re- 
frigerant control. The area of the coil 
is increased so that it will behave as 
follows: during the running of the com- 
pressor this coil will stay at a tem- 
perature of 20 F. to 22 F. This will 
cause a frost accumulation on the coil, 
but after the compressor stops, this 


19-20. A non-frosting coil. Note the provisions for 
removing the condensate. 


(Bush Mfg. Co.) 


coil warms up enough so all the frost 
melts from the coil before the com- 
pressor Starts again, Fig. 19-19. This 
arrangement works in some installa- 
tions, but in others it may present 
some problems, It appears that during 
the off part of the cycle the top of the 
coil may defrost and its moisture run 
down the fins, but before the moisture 
has time to escape it often freezes 
around the lower parts of thefins. This 
ice accumulation on the bottom fins may 
block the air circulation around the 
coils and interfere with proper refrig- 
eration. 


19-17. NON-FROSTING COIL 


Because of the troubles experienced 
with frosting coils some companies are 
producing non-frosting coils. These 
coils use only the thermostatic expan- 


sion valve type of refrigerant control. 
The construction is such that the area 
of the coils is so great that in order to 
cool the box down to 36 F. to 38 F. 
these coils need never become colder 
than 21 F., to 32 F. which naturally 
allows them to be named non-frosting. 
However, the refrigerant inside the 
coil usually operates at 20 F. or 22 F. 


to produce this surface temperature. — 


See Chapter 21. Occasionally these 


| 


coils accumulate a very slight coat of | 


frost just before the compressor shuts 
off, Fig. 19-20. This frost disappears, 
however, immediately after the com- 
pressor stops. The big advantage of this 
type of coil is the fact that since it is 
not at a temperature below freezing 
itself it does not have a tendency to 
draw the moisture out of the air very 
rapidly; therefore 
maintain a 75 per cent to 85 per cent 


it is possible to | 


relative humidity in the cabinet, which | 


is the amount required to keep the 
produce fresh and to keep it from 


losing weight. Non-frosting coils are — 


slightly more bulky than the frosting 
types. These coils should be baffled 
to direct the flow of air around them. 
The baffling should be so constructed 
that the air will flow continually in one 
direction past the coil. Baffling tends 
to speed up the cooling of the air and’ 
makes the coil more efficient, but it 


does occupy some space. See Chapter ` 


21 for baffle design. 

Cooling coils are sometimes classi- 
fied according to their construction. 
The two most common constructions 


19-21. A plate type cooling coil. 
(Kold Hold Div., Tranter Mfg. Co.) 
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are the tube and fin type, and the plate 
type. As explained in Chapter 21, that 
part of the cooling coil contacting the 
air needs more surface than that part 
in contact with the refrigerant. The 
fins and the plates aré meags to fur- 
nish more air contact surface. Figure 
19-21 illustrates coil made of two 
plates with one plate formed into 
grooves for recesses. When the two 
plates are fused together a plate-type 
cooling coil is formed. Another type 
plate coil is shown in Figure 19-22. It 
uses refrigerant tubing mounted be- 
tween two plates, A vacuum is created 
between the plates to create a tight 
contact between the tubing and the 
plates. 


19-22. A plate type cooling coil in which additional sur- 
face is obtained by attaching plate to copper coils. 
(Dole Refrigerating Co.) 


Some of these coils have an eutec- 
tic solution between the plates. This 
solution freezes at a certain pre-de- 
termined temperature and therefore 
produces a long contact refrigeration 
temperature, 


19-18. FORCED CIRCULATION 
COOLING COIL 


Forced circulation cooling coils 
consist of a compact arrangement of 
refrigerant cooled tubes and fins about 
which air is blown by means of an 
electric fan. Both the coil and the fan 
are usually enclosed in a metal hous- 
ing. These coils have the advantage of 
taking up a very small amount of space 
and do not need any special or extra 
baffling, Fig. 19-23. They do, however, 
have a tendency toward rapid dehy- 


dration of foods unless special care 
is taken. If the coil is large and oper- 
ates at a small temperature difference 
(10 F. to 12.F.) and the air is cir- 
culated slowly, there is less tendency 
to dehydrate foods. 

In installations in which dehydra- 
tion is not important, small coils may 
be used operating at a high tempera- 
ture difference (20 F. to 30 F.), andthe 
air may be blown rapidly through the 
coil. Thermostatic expansion valve re- 
frigerant controls are usually used with 
forced convection coils. 

The motor which drives the fan 
may be from 1/50 H.P. and up, and 
may run continuously, or may be con- 
trolled by the coil or the box tempera- 
ture. The refrigerant temperature is 
usually held quite low, but the coil 
does not frost because of the rapid 
air circulation, Fig. 19-24. However, 
considerable sweating does occur and 
facilities for drainage must be in- 
corporated in the installation, 

A coil of this kind is noted for the 
rapidity with which it will cool a re- 
frigerator cabinet. One can almost 


neglect the heat leakage in calculating 
the ‘‘pull down’’ time for this type of 
coil. 


In storage cabinets used for 


19-23. A blower coil designed for mounting in the cor- 
ner of a refrigerator. Note the small amount of space 
required. The air enters at the bottom, is cooled and 
exits at the front. The unit requires a liquid line, a suc- 
tion line, an electrical line, and a drain pipe. 
(Refrigeration Engineering, Inc.) 
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bottle beverages, for foods in sealed 
containers, and for air-conditioning 
work this forced convection cooling 
coil is very popular. 

One major problem with the con- 
densate is removing it from the drain 
pan to the nearest drain. Drain con- 
nections are built into all the drain 
pans and copper tubing is usually used 
to carry the condensate away. How- 
ever, in many cases the drain does 
not work well enough due to the small 
size of the drain or because the slope 
of the drain is not enough. 

A positive method to drain the 
condensate, even in large amounts 
during defrosting is touse acondensate 
pump, Fig. 19-25, This pumpis mount- 
ed on the drain pan and is self prim- 
ing. It operates continuously and uses 
about 10 watts. 


19-19. COOLING COIL 
DEFROSTING 


Many cooling coils operate at tem- 
peratures below freezing. The demand 
for open display cases and frozen foods 
has necessitated many lowtemperature 
installations. These coils operate at 
refrigerant temperatures of 0 F., 
-10 F., and even -20 F. Blower coils 
are used in many cases at these low 
temperatures and their small fin spac- 
ings makes frequent defrosting neces- 
sary. Other type coils also need de- 
frosting even though not so frequently. 

It is desirable to defrost these coils 
without disturbing the fixture tempera- 
ture markedly. If the coils are not de- 
frosted frequently, the frost accumula- 
tion will soon make the cooling coil 
inoperative. 

It is very important that the user 
still be strongly reminded to clean 
the coil, the drain pans and the drain 
lines frequently to prevent detrimental 
odors. A soda solution may be used. 

These coils are usually defrosted 
automatically. A time clock control 


either turns on the defrosting mech- 
anism once each day or turns on the 
defrost system after so many hours of 
compressor operation. 

The types of defrosting mechan- 
isms are as follows: 

1. The hot refrigerant gas system 

2. The non-freezing solution sys- 

tem 


3. The water system 
4, The electric heater system 


19-24. A forced circulation cooling coil with the fan 
unit removed. 
(Refrigeration Engineering, Inc.} 


5. The reverse cycle defrost sys- 
tem 
6. The warm air system 
These defrosting devices either heat 
the coil internally (from the inside) or 
externally (from the outside). 


19-20. HOT REFRIGERANT GAS 
DEFROST SYSTEM 


The hot gas system consists of 
pumping the hot refrigerant gas from 
the compressor directly through the 
cooling tubing. It consists of a refrig- 
erant line running from the compres- 
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sor exhaust line up to the cooling coil 
and connecting this line into the sys- 
tem between the thermostatic expan- 
sion valve and the cooling coil. The 
operation of this line ‘is controlled by 
a solenoid shut off valve, mounted in 
it. 


8 


19-25. A condensate pump for use on cooling coil 
drains. A. Condensate outlet; B. Electrical leads; C. 
Mounting Bracket. 

[Peerless of America, Inc.) 


At the predetermined time (usual- 
ly set at 12 midnight or 1 A.M.), the 


SSS Ne 
IN 


SUCTION LINE 


220 VOLTS 


MOTOR 
STARTER 


Gay \ 


) 
MOTOR © 


} }] 
_ \ J 
COMPRESSOR RECEIVER 


SASS SE 


TRAP OUTSIDE BOX 


time clock closes a circuit which 
starts the compressor, opens the sol- 
enoid valve and stops the fan motors. 
The hot gas rushes through the cooling 
coil (warming it) and then back to the 
compressor along the suction line, Fig. 
19-26, 

This system will usually defrost the 
coil in 5 to 10 minutes of operation. To 
keep the defrost water from freezing 
in the drain pan and tube, part of the 
defrost line is installed underthe drain 
pan to keep it warm. 


It is best to evaporate the refriger- 
ant that condenses in the cooling coil 
during the defrost cycle. Heat is ap- 
plied to the returning refrigerant (elec- 
tric in some cases) to do this vapor- 
izing. In the illustration, a special 
blower evaporator is installed in con- 
nection with the suction line andtheair 
forced over this re-evaporatorinsures 
that only gas can get back to the com- 
pressor. This blower works only while 
the unit is on defrost. 

A suction line pressure reducing 
valve (a regulating valve) is installed 
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19-26. A hot gas defrosting system. 
(Bush Mfg. Co.) 
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19-27. A defrost system with a non-freezing solution tank to furnish heat for re-evaporation of the return refrigerant. | 


in the suction line to keep the low side 
pressure of the gas going to the com- 
pressor at a safe pressure level. 

It is very important that slugs of re- 
frigerant be prevented from entering 
the compressor. Re-evaporation should 
be as thorough as possible. 


19-21. NON-FREEZING SOLUTION 
SYSTEM 


A system that has been used for 
years is a hot gas defrost system that 
uses a special cabinet in which a brine 
is stored. The refrigerant gasfromthe 
compressor is pumped through this 
heat storage unit before it goes to the 
condenser. The brine is therefore heat- 
ed during the normal cycle. An oiltrap 
is also installed in this part of the sys- 
tem to insure oil return to the com- 
pressor, Some systems heat the brine 
from a separate heat source. Electrical 
heating elements are usually used. The 
heaters are normally energized only 
during defrosting. 

To defrost the system, the defrost 
timer opens a solenoid valve in a line 
running from the condenser line to the 
cooling coil just on the cooling coil 
side of the thermostatic expansion 
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valve. The refrigerant returns to the 
compressor in the original suction line. 
However this lineis usually heated. One 
system is to run it through the top of a 

cylinder immersed in the stored heat 

liquid solution in the tank. Any liquid 

refrigerant in the return refrigerant is 

trapped in the lower end of the inside 

tank and it is evaporated by the heat 

in the solution in the outer tank, Figure 

19-27, 


The heat exchanger is insulated to 
help retain the heat that is stored in 
the non-freezing solution. 


19-22. WATER DEFROST 
SYSTEM 


The water defrost system either 
manually or automatically runs tap 
water over the cooling coil and turns 
off the refrigerator, Fig. 19-28. The 
water is warm enough to melt the ice 
and the water is drained away by 
means of the cooling coil drain pan. 
It is important to drain the water 
from the water lines before this water 
can freeze. The water is sprayed ove! 
the cooling coil or it is fed to a par 
located over the coil and holes in the 
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1) Supply Line 

2) Drain Line 

3) Three-Way Valve 
4) Supply Line Bleed 
5) Line Valve 


1) Supply Line 

2) Drain Line 

3) Three-Way Valve 
4) Supply Line Bleed 
5) Line Valve 


1) Supply Line 
2) Drain Line 
3) Three-Way Valve 
4) Supply Line Bleed 
5) Line Valve 
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19-28. A water spray defrost system in operation and showing three methods of installing. 


(Refrigeration Engineering, Inc.) 


pan feed the water evenly over the 
coil. 

The system uses an electric timer 
for automatic operation, Fig. 19-29, 

Some special systems have been 
designed to defrost by spraying a brine 
over the cooling coil. A lithium chlor- 
ide brine has been successfully used. 
The brine is recirculated by means of 
a pump. Eliminator plates are needed 
to prevent brine spray from passing 
into the refrigerated space. 


j 


19-23. ELECTRIC HEATER 
| DEFROST SYSTEM 


| Another popular method used for 
defrosting low-temperature coils is to 


use electric heat. Electrically heated 
coils are installed in the cooling coil, 
around the coil or within the refriger- 
ant passages to furnish heat to defrost 
the cooling coil. 

One electric type uses resistance 
wire heating elements mounted under- 
neath the cooling coil and also under 
the drain pan and along the drain pipe. 
A timer stops the refrigerating unit, 
and the blowers and the electric heat- 
ers are turned on. The heat from the 
heaters quickly melts the frost from 
the coil and the water formed drains 
away. When the coils are warm enough 
to insure that all the frost is gone a 
thermostat returns the system to nor- 
mal operation. 
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Another electric defrost system 
uses an immersion type electric heat- 
er to heat a separate charge of refrig- 
erant. This warm refrigerant then 
circulates around the cooling coil in 
its own passageways to warm the cool- 
ing coil and defrost the system while 
the refrigerating unit is turned off. 

Still another application of the elec- 
tric heater defrost system is to use a 
double tube cooling coil. The cooling 
coil refrigerant passes through the 
passageway between the tubes during 
normal refrigeration. When defrosting 
is needed, the system is stopped and 
electric heating elements inserted in 
the center tube heat the cooling tubes 
and cause defrosting from the inside. 
Fig. 19-30. 


19-29. An automatic timer used with water defrost 
systems. 
(Paragon Electric Co.) 


19-24. REVERSE CYCLE DEFROST 
SYSTEM 


Another system used to defrost a 
coil is to reverse the flow of refrig- 
erant in the system and therefore make 
the cooling coil become the condenser 
and make the condenser become the 
cooling coil. 

This reversing is accomplished by 
installing a four way valve, two check 
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19-30. An electric defrost system with the electric heat- 

ing elements installed within the coil tubing. A. Fin; 

B. Outer tube; C. Inner fin; D. Inner tube; E. Heating 
element. 


valves and an automatic expansion 
valve in the system, Fig. 19-31. 

To operate on defrost, the four 
way valve is turned, either manually 
or automatically and the hot gas from 
the compressor travels up the suction 
line, heating the cooling coil by con- 
densing in it and by-passes the ther- 
mostatic expansion valve through one 
of the check valves. It then passes 
through the receiver and is then throt- 
tled by the automatic expansion valve 
(the check valve at this point prevents 
by-passing the expansion valve). The 
refrigerant boils in the condenser and 


19-31, A reverse cycle defrost system condensing unit. 
This condensing unit is connected to a blower coil 
equipped with a thermostatic expansion valve with a check 
valve controlled by-pass. A. Four-way valve; B. Solenoid 
pilot valve for the four-way valve; C. Fan delay control; 


D. Low pressure control; E. Timer control; F. Expansion 


valve which operates when unit is on defrost and when 
the condenser becomes a temporary cooling coil. 


(Lehigh Mfg. Co.) 
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is returned to the compressor ina 
gaseous state. The automatic expan- 
sion valve is adjusted to maintain a 
maximum safe low side pressure to 
prevent freezing temperatures in the 
condenser. — * 

The liquid receiver is designed to 
permit the reverse flow of gas to 
travel over the reserve liquid in the 
receiver and not return it to the con- 
denser. See Chapter 26 for more de- 
tail on reverse cycles, 


19-25. WARM AIR DEFROSTING 


Where sufficient warm air isavail- 
able, it can be used to defrost low tem- 
peratures coils. If the cabinet air is 
warm enough, it can be used for de- 
frost purposes, The cycles must be 
frequent enough and often enough to 
defrost the coil completely. 

Some installations bring in outside 
air to perform the defrosting by using 
a duct system with blowers and a fan. 


IMMERSED COOLING COIL 
(BRINE) 


19-26. 


| The other big field of commercial 
cooling coils is the immersed type, 
where the coils are surrounded by 
calcium chloride or alcohol brine. A 
small plain, tube-cooling coil sub- 
merged in this brine has very good 
heat transfer. The efficiency of these 
colls is greatly increased because of 
the fact that liquids transfer heat to 
metals much faster than air cantrans- 
fer heat to metals; a ratio of 50 or 100 
to 1. That is, a submerged coil can 
remove 50 to 100 Btu per hour, per 
degree temperature difference, per 
Square foot of coil surface, whereas 
air-cooling coils can remove only 1 
‘Btu under the same conditions, These 
coils may use either a low side float 
ora thermostatic expansion valve re- 
frigerant control when used in multiple 


installations, 


i 
WATER CEUS a 


19-32. A sweet water bath brine. The ice accumulation 
is controlled by the location of the thermostatic expan- 
sion valve feeler bulb. 

(Detroit Controls Corp.) 


19-27. IMMERSED COOLING COIL 


(SWEET WATER) 


Another type of submerged cooling 
coil is a coil submerged in ordinary 
tap water which is termed a sweet 
water bath. The common example of 
this type is the water-cooling device 
used in soda fountains. The cooling coil 
is submerged in the sweet water, and 
another coil in which the water is to 
be cooled and consumed by the cus- 


19-33. A pressure type beverage cooler. The refrig- 
erant coils are submerged in the beverage to be cooled. 
(Filtrine Mfg. Co.) 
tomer is also submerged. in this same 

water. 

It is the feature of this design to 
allow this sweet water to freeze a 
little around the coil during what is 
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19-34. A beverage cooling coil, for two different beverages, using a low side float refrigerant control. 
(Temprite Products Corp.) 


called the non-load period. This light 
ice accumulation around the cooling 
coil will act as a storage reserve of 
refrigeration. These systems use the 
thermostatic expansion valve, Fig. 19- 
32. In the event a thermostatic ex- 
pansion valve refrigerant control is 
used the thermostatic bulb should be 
clamped to the outlet of the coil. The 
coil should reach to the bottom of the 
bath if the temperature of the bath is 
to be less than 39.1 F. Water between 
39.1 F. and 32 F. tends to expand and 
rise. Therefore, the coldest water, 
between these temperatures, will be at 
the top. 


19-28. PRESSURE TYPE BEVERAGE 
COOLER 


A type of cooling coil which may 
be classed as the submerged type is 
the pressure type beverage cooler. In 
this cooling coil the liquid refrigerant 
is carried in a tube submerged in the 
beverage to be cooled. Its construc- 
tion is similar to that of the liquid 


receiver type of water-cooled con- 
denser. This constructionis quite com- 
mon for instantaneous water coolers, 
Fig. 19-33. A precaution to be ob- 
served in this type is that the tem- 
perature of the beverage should never 
be such that it will freeze to any ex- 
tent. 

Another type of submerged cooling 
cecil design is illustrated in the bever- 
age cooler made by the Temprite Cool- 
er Corp. This unit consists of a coil 
of tubing, carrying the beverage to be 
consumed, submerged in a quantity of 
liquid refrigerant. The liquid refriger- 
ant is controlled by a low side type 
float, Fig. 19-34. 

A beverage cooling coil that takes 
advantage of the high heat conductivity 
of aluminum is the all-metal beverage 
cooling coil made by the Heat-X Divi- 
sion, of the Bush Mfg. Co. 

Two separate copper tubes are 
coiled in a helix design and they are 
then put in a permanent mold and liquid 
aluminum is poured into the mold. After 
solidification the two tubes are com- 
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pletely encased in a hollow cylinder ot 
aluminum. The heat transfer is ex- 


„cellent. If refrigerant is evaporated in 


one coil, heat will flow from whatever 
liquid may be flowing'in the other coil, 
Fig. 19-35. i & 

The surrounding of the tubing by 
the casting produces an extremely 
strong coil that can survive freezing of 
water in the tubes. 

Stainless steel tubing is also used 
as one of the tubes when beverages 
that require that metal are to be re- 
frigerated. 

Some of these coolers have three 
or more separate tubes encased by the 
aluminum when more than one liquid 
is to be cooled. 


19-29. HEAT EXCHANGERS 


To increase the efficiency of opera- 
tion of larger commercial units andair 
conditioning comfort cooling installa- 
tions, a heat exchanger is often mount- 
ed in the liquid and suction line. 

A heat exchanger, as the name in- 
dicates, provides for a heat transfer 
from the warmer liquid in the liquid 
line to the cool gas coming from the 
cooling unit. A study of Fig. 19-36 will 
show that if the liquid is cooled 10 to 
20 F. at the prevailing head pressure 
and as it passes through the refriger- 
ant control the liquid can absorb more 
latent heat as it changes to a gas. 

The reduction of ‘‘flash gas’’ is 
important. Vaporized refrigerant which 
comes from the instantaneous change 
of some of the liquid to a gas as the 
refrigerant passes through the refrig- 
erant control reduces the valve capa- 
city, increases the low side pressure 
drop, and reduces the amount of heat 
each pound of refrigerant can absorb 


as it evaporates. The flash gas is de- 


veloped by some of the liquid vap- 
Orizing to cool the remainder of the 
liquid to the evaporating temperature. 
The heat exchanger cools the liquid re- 


frigerant and reduces the flash gas 
and the heat from the liquid helps pre- 
vent sweat backs or frost backs on the 
suction line. 

It is essential that the heat ex- 
changer be large enough to allow suf- 
ficient heat transfer and they should 
not increase the low side pressure drop 
appreciably. 

The heat exchangers are rated on 
the Btu capacity of the system. 

When installing a heat exchanger one 
should specify the refrigerant, the units 
Btu capacity and the size of the liquid 
and suction lines. 


19-35. A dry type beverage cooling coil. The aluminum 
casting surrounds the refrigerant coils and the beverage 
coils and permits rapid heat transfer. The refrigerant 
control used is a thermostatic expansion valve. 
(Bush Mfg. Co.) 


19-30. REFRIGERANT CONTROLS 


For single installations involving 


19-36. A heat exchanger used on commercial systems. 
(Mueller Brass Co.) 
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one cooling unit and one condensing 
unit the five types of refrigerant con- 
trols that can be used are: automatic 
expansion valves, thermostatic expan- 
sion valves, high side floats, low side 
floats and capillary tubes. These are 
explained in Chapter 5. As previously 
mentioned, in multiple installations 
which cover a greater magnitude of 
uses, the only two types of refrigerant 
controls usable are the low side float 
and the thermostatic expansion valve. 
Thermostatic expansion valves are 
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low Side Pressure Control. 


19-37. A pressure motor control used on commercial 
installations. 


(Penn Controls, Inc.} 


used almost exclusively, but there are 
a few low side float systems still in 
use, 

The thermostatic expansion valve 
is explained in Chapter 5, One should 
study their design, operation, installa- 
tion, care and repair before proceed- 
ing with this chapter. 

19-31. MOTOR CONTROLS 

The two basic types of motor con- 

trols used in commercial refrigeration 


are identical to those used in domestic 
refrigeration, namely, the pressure 
motor control, and the thermostatic 
motor control. 

In multiple commercial work, pres- 
sure motor controls are the most popu- 
lar. The reason for this is that the low 
side pressure is an indication of the 
temperature in the coil, and one control 
works well regardless of the number of 
coils connected to it, Fig. 19-37. These 
controls provide both range and dif- 
ferential adjustments. Explanation of 
the various range and differential ad- 
justments will be found in Chapter 6, 

The control consists of a switch 
built into a toggle arrangement which 
is acted upon by a bellows whose pres- 
sure may be either temperature, or 
pressure operated. As the pressure in 
the bellows builds up, the toggle is 
snapped and the switch contact points 
close, starting the motor. 

The current draw of the larger 
motors is enough to make a motor start- 
er necessary for A.C, motors of single 
phase of over 1 H.P. All three-phase 
A.C, motors require a starter. This 
electrical work should be done by a 
licensed electrician and the work should 
strictly follow the local electrical code 
requirements. 

As the compressor runs, it reduces 
the temperature, or the pressure on 
the bellows, until the toggle is snapped 
the other way, opening the switch and 
stopping the motor. 

These controls have a range adjust- 


ment which is usually an adjustable | 
spring pressing against the bellows. ` 


When the spring pressure against the 
bellows is increased, the cut-in and 
cut-out points are raised equally. The 
range adjustment controls the cabinet 
temperatures desired, Fig. 19-38. 
The distance between the cut-inand 
cut-out points registered either in de- 
grees F. or in pounds per square inch 
is called the differential. It is an ad- 
justment which controls the amount or 
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the distance the toggle snaps. The dif- See Chapter 6 for detailed explana- 
ferential controls the cycling interval. tion of motor control operation. 


The three types of differential adjust- 
yp J 19-32. PRESSURE MOTOR 


ments are: 
1, Adjusting cut-out only. CONTROL 


2, Adjusting cut-inonly,. _ This control is usually located on 
3. Adjusting both (either putting the condensing unit, and the low side 
them farther apart or closertogether). pressure operates the mechanism. 


NGE 
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ADJUSTMENT SCREW 


CONTACTS CLOSED CONTACTS OPEN 


19-38. A schematic diagram showing operation and adjustments of pressure motor control. 
(Frigidaire Div., General Motors Corp.) 


Some companies recommend tapping 


ee into the low side suction line about 10 


6 DIFFERENTIAL ; 
‘Ch bath - d : 
Cot ont Ra Ce cui a, ae to 15 feet from the compressor for 
an ply w wi i Is . . 
ea nmen this control, Fig. 19-39. The range 


C HIGH PRESSURE 
| o, settings vary with the application. The 
factory set cut-out pressure should correspond to 
a temperature approximately 10 F. be- 
A low the desired coil temperature, while 
the cut-in pressure should correspond 
approximately to the coil temperature. 
The differential setting will vary 
depending upon the temperature accur-= 
acy desired, A wide pressure difference 
will allow some variation in cabinet 
temperature and will lengthen the cycle 
interval of operation of the condensing 
unit. A differential set to close limits 
will maintain a more uniform cabinet 
temperature but will shorten the cycling 
interval of the condensing unit, A pres- 
19-39. A pressure operated motor control with a high sure difference between the cut-in and 


Rene) cut-out point commonly used is ap- 
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19-40. An oil pressure safety cut out for large com- 
mercial systems. 
(Penn Controls, Inc.) 


proximately 15 psi for methyl chloride, 
and 20 psi for Freon-12. 

Remember to use 2 inches of mer- 
cury vacuum equal to 1 psi. 


19-33. THERMOSTATIC MOTOR 
CONTROL 


The thermostatic motor control is 
similar to the pressure control incon- 
struction and arrangement except for 
the power bulb and capillary tube. This 
control is usually used only in large 
sized single installations. However, 
satisfactory set-ups have been made 
in multiple installations which assume 


that, when the one controlled cabinet 
has cooled sufficiently, the others have 


also. 
The thermostatic motor controls 


are popular in brine cooling installa- 
tions with the power element submerg- 
ed in the brine. Ice cream cabinets 
are a typical example. When used in 
single cabinet installations the power 
element is usually mounted inthe cabi- 
net four feet up from the floor between 
the cold and warm air flues and at 
least two inches from the wall. 

An innovation in multiple installa- 
tions involving an ice cream cabinet 
is that a pressure motor control, locat- 
ed on the condensing unit, and a ther- 
mostatic motor control, located on the 
ice cream cabinet, are connected in 
parallel to make the condensing unit 
operate until both the ice cream cabi- 
net temperature andthe low side pres- 
sures are low enough. It is only when 
both controls are open that the unit 
will stop. 


19-34. SAFETY MOTOR 
CONTROLS 


An important difference between 
commercial and domestic controls is 
the fact that commercial controls in- 
corporate safety devices known as (1) 
a high pressure safety cut-out, (2) an 
oil pressure safety cut-out. 

The high pressure safety device 
consists of a bellows built into the 
control and connected to the highpres- 
sure side of the system. It is frequently 
connected to the cylinder head to per- 
mit easy disconnecting of the control 
from the system. This bellows is at- 
tached to a plunger in such a manner 
that if the head pressure becomes too 
high due to air in the system, the con- 


denser water being shut off, or other | 


causes, this bellows will expand, push 
the plunger against the switch, and shut 
off the motor. 

This control is called a safety de- 
vice because its action prevents the 
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building up of dangerous pressures 
within the system; more important still 
is the fact that it prevents ruining the 
motor through over-loading and over- 
heating. These controls are usually set 
to cut-out at about 125 psi, pressure, 
except in Freon-12 syStems, in which 
case the control is set at about 150 to 
160 psi. 

The oil pressure safety cut-out isa 
safety device that will shut off the elec- 
trical power if the oil pressure fails or 
dips below normal, It is a differential 
control, using two bellows. One bellows 
responds to the low side pressure and 
the other responds to the oil pressure. 
The control] will open the circuit if the 
pressure difference between the two 
bellows drops below the required oil 
pressure needed, Fig. 19-40. This con- 
trol is used in the larger commercial 
systems. When the pressure difference 
is too low the mechanism sends the 
current through a bi-metal strip and 
if this strip heats up before the pres- 
Sure returns to normal, the power is 
disconnected. 


19-35. DUAL MOTOR CONTROLS 


Keeping good refrigeration temper- 
atures with good humidity characteris- 
tics, and without excessive frosting of 
the cooling coils, has always been an 
engineering problemincommercial re- 
frigeration. Recently several methods 
have been devised to alleviate the situ- 
ation. 

Controls have been designed which 
operate on the principle of using the 
cabinet temperature to produce the 
cut-out and the coil temperature to 
produce the cut-in. This insures cor- 
rect cabinet temperatures before the 
unit stops and a defrosted coil before 
the machine starts onevery cycle while 
maintaining good humidity characteris- 
tics. The control may be used eitherin 
Single or multiple installations. 

A control called the ‘‘Polartron,’’ 


which uses a thermostat in conjunction 
with a holding coil to obtain correct 
cabinet temperature on the cut-out 
while a pressure element, also con- 
nects to the control and controls the 
cut-in point and thereby determines 
that the frost on the coils will melt 
away on each cycle. This control also 
incorporates a high-pressure safety 
cut-out which will not allow the mach- 
ine to start unless the head pressures 
are down to normal. An overload relay 
provided for safety incase of excessive 
motor loads. 

A commercial motor control was 
developed which solves the problem of 
maintaining good refrigeration temper- 
atures during low ambient temperature 
periods (ambient temperature refers 
to outside, i.e., surrounding tempera- 
ture). This action is accomplished by 
cycling the unit with the high-pressure 
control. If the condensing pressure 
falls to a certain level, due tothe cool- 
ing action of the ambient temperature, 
the condensing unit will cut-in, thereby 
cycling the unit, even though the low- 
pressure cut-in may not have been 
reached in the cabinet. This more fre- 
quent cycling eliminates the spoilage 
film that sometimes forms on meats 
if an ordinary control is used under 
these conditions. 


19-36. MOTOR STARTERS 


The control contacts (open or seal- 
ed) are limited to the amount of cur- 
rent they can carry safely. The Nation- 
al Electric Code and the local electric 
codes usually specify the limitations of 
these controls. 

However, these same commercial 
controls can be used for larger motors 
(larger loads) by using a device called 
a magnetic starter. 

The magnetic starter is anelectro- 
magnetic device. The magnetism is 
controlled by the electricity that flows 
through the motor control. The magnet- 
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ism attracts a piece of steel (orarma- 
ture) and when this armature moves, it 
closes large contact points that safely 
carry the large currents needed for the 
large motors, Fig. 19-41. These start- 
ers are mounted in an approved metal 
box with a safety access door. Some of 
the units incorporate a manual shut off 
switch, fuses and an overload thermal 
safety breaker. The safety switch isa 
heating element located in the motor 
line. If the motor demands too much 
current (shorts, grounds, or overloads) 
this heater will cause a thermal bi- 
metal strip to bend, opening the elec- 
tromagnet circuit, which in turn will 
open the main switch. 


19-37. DEFROST TIMERS 


The automatic defrosters require 
an automatic device for starting the 
defrost cycle. In installations which 
use a defrost timer an electric self- 
starting clock mechanism is used to 
operate a cam which actuates the 
switches, Fig. 19-42. 

Some of these time clocks are con- 
nected directly to the electric power 


19-41. A schematic diagram of an automatic control on 
a magnetic starter. 


and will defrost the system at the in- 
tervals necessary to maintain an ef- 
ficiently operating coil. Some coils 
need to be defrosted every few hours, 
while some coils need to be defrosted 
Only once each day. The cams can be 
adjusted to control the length of the de- 
frost cycle. 

Some of the timers are connected to 
the electric power in parallel with the 
motor, The clock mechanism only re- 
gisters the running time of the condens- 


19-42. A timer used to operate the defrost cycle. 
(Penn Controls, Inc.) 


ing unit. These mechanisms also are 
adjustable for starting the defrost cycle 
based on hours of running time, Fig. 
19-43. 

The timer wiring differs according 
to the type of defrost system. In one 
hot gas system, the timer energizes 
the solenoid valve, stops the fan mot- 
ors, energizes auxiliary electric heat- 
er elements, runs the compressor, 
etc. It also may be used to prevent the 
normal cycle from starting until the 
low side pressure is reduced to nor- 
mal levels. 

An electrically operated timer is 
shown in Fig. 19-44. The control can 
be used with any type defrosting sys- 
tem. The defrost ‘‘off’’ time is adjust- 
able from 15 to 120 minutes (lower 
left). The buttons on the dial determine 
the starting time of each defrost cycle. 

Another type of automatic timer for 
defrosting is shown in Fig. 19-45. 
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19-43. A diagram of a defrost timer circuit. 
(Penn Controls, Inc.} 
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This unit is electrically connected 
to an external pressure control or 
„ thermostat so at a predetermined time 
starts the defrost. A pressure setting 


19-44. An automatic timer that may be used to control 
any type of defrosting system. 


19-45. An automatic timer that is used with pressurestat 

or thermostat to control return to normal operation. The 

| control can also be operated on time only. It also has a 

safety device for starting the refrigerating. 
(Paragon Electric Co.) 


19-46. A defrost timer that has a pressure attachment 
which operates from the low pressure side. The timer 
starts the defrost action while the pressure device re- 
turns the system to normal operation. 
(Paragon Electric Co.) 


or temperature setting operates a sol- 
enoid to end the defrost time. The 
control has a fail-safe device which 
will turn the refrigerating unit on 
again after a certain time interval if 
the pressurestat or thermostat do not 
run it on. 

A timer that can be used witheither 
hot gas or electrical heat is shown in 
Fig. 19-46. It uses the timer motor to 
Start the defrost action and a pressure 
control connected to the low pressure 
side of the system is used to return the 
system to normal operation. 


19-47. A two-temperature valve. 


(Fedders Mfg. Co.) 


19-38. TWO-TEMPERATURE 
VALVES (PRESSURE 
CONTROL) 


In many multiple installations it is 
necessary to maintain different tem- 
peratures in the various coils connect- 
ed in the same system. Thermostatic 
expansion valves may be used if the 
temperature differences are not too 
great (not over 5 F.) but in sorne in- 
stances, such as with a storage cabi- 
net and an ice cream cabinet combina- 
tion, the temperature differences are 
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too great to be taken care of in this 
manner. To provide for this a two- 
temperature valve is put into the suc- 
tion line; it operates in such a manner 
that it prevents the pressure of the 
warmest coil from going below a pre- 
determined setting. These valves are 
sometimes called constant pressure 
valves or pressure reducer valves. 
The valves sometimes are used to in- 
sure a constant low side pressure. 
Their construction consists of a bel- 
lows, a needle, and seat arranged in 
such a way that the bellows is actuated 
by the pressure in the warmest coil, 
Fig. 19-47. As the compressor pumps 
the low side downto this predetermined 
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19-48. A metering type two-temperature valve. 
(Temprite Products Corp.) 


pressure, the bellows shuts off this 
valve, preventing the pressure in the 
warmest coils from going below the 
pressure desired. As the pressure in 
the coil builds up, due tothe vaporizing 
of the refrigerant in the coil, the bel- 
lows again opens the valve allowing the 
gas to travel to the compressor. 

Since the pressure maintained upon 
the surface of a quantity of liquid re- 
frigerant determines the temperature 
at which the refrigerant willevaporate, 
this suction line valve will control the 
temperature of the coil to which the 
suction line is attached, even though 
the suction pressure of the compressor 
is considerably below the coil pres- 
sure. The controlled coil or coils such 


as explained above should not constitute 
more than 40 per cent of the total load 
of a system. If the controlled coil is 
too large, erratic cycling will result. 
(See surge tanks, Par. 19-44). If the 
controlled load amounts to more than 
40 per cent seperate condensing units 
should be used. There are two general 
types of two-temperature valves: 
1. Pressure operated 
a. Metering 
b. Snap-action 
2. Temperature operated 
a. Vapor pressure 
b, Thermostat and Solenoid 


19-39. METERING TYPE TWO 
TEMPERATURE VALVE 


The metering type, two-tempera- 
ture valve (the first one developed) acts 
more as a throttling device thanas a 
shut-off valve, It opens and closes when 
the pressure varies only a fractionofa 
pound, having no differential. This con- 
trol is very popular in an ice cream 
cabinet and a soda fountaininstallation. 
The needle may be better termed a 
plunger because the valve openings 
must be made large enough not tooffer 
much restriction to the gas flow. Many 
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19-49. A snap-action, two-temperature valve. 
(Fedders Mfg. Co.) 
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of these metering controls have a very 
small adjustment range, being es- 
5 pecially designed to maintain beverage 
temperature pressures. The parts are 
heavily cadmium plated because the 
valve is often locateđ in damp places. 
It must not corrode, Fig. 19-48. 

Most of these valves are equipped 
with a gauge opening to permit the 
service man to adjust and check the 
warmer coil pressure, 


19-40. SNAP ACTION TYPE TWO 
TEMPERATURE VALVE 


The snap-action type is such that, 
when the valve closes, a decided rise 
in pressure is made inthe warm coil 
before the valve will open again. One 
important function of the snap-action 
pressure operated valve is that it es- 
tablishes a definite cut-in pressure 
and therefore temperature. It is used 
where one would like to defrost the coil 
on each cycle, Fig. 19-49. The differ- 


19-50. Snap-action, two temperature valve. A. Cut-in 
differential adjusting screw; B. Lock nut; C. Range ad- 
justment lock screw; D. Range adjustment nut; E. Gauge 
connection; F. Outlet; G. Gauge valve stem; H. Inlet; 
l. Bellows; J. Spring; K. Differential spring; L. Actuating 
rod; M. Toggle; N. Valve. 
(Frigidaire Div., General Motors Corp.) 


ential construction is the typical toggle 
arrangement which is in motor con- 
trols and permits both a range anda 
differential adjustment for the back 
pressures of the warmest coil. This 
control is used more with equal tem- 
perature coils, but with coils of un- 
equal capacity, although it may be used 
in place of metering type valves, Fig. 
19-50. An example of such an installa- 
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19-51. A diaphragm type, two-temperature snap-action 
valve, 


(Barostat Co.) 


tion would be a multiple system cooling 
a walk-in cooler and a display case. 
The two-temperature valve should be 
located on the suction line to the dis- 
play case. Another type of snap-action, 
two-temperature valve is the Barostat 
which uses the principle of a snap- 
action diaphragm, Fig. 19-51. 


THERMOSTATIC TYPE 
TWO TEMPERATURE VALVE 


19-41. 


Another type of two-temperature 
valve has a temperature control and 
is built very much like a thermostatic 
expansion valve. Its operation is simi- 
lar in that it operates from the tem- 
perature of the coil. It has a capillary 
tube and a power bulb similar to the 
thermostatic expansion valve, along 
with a bellows arrangement to utilize 
the different pressures created in the 
power bulb. 
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When the coil which this particular 
two-temperature valve controls be- 
comes cool enough, the power bulb in 
cooling off also lowers the pressure 
in the bellows, thus operating the valve 
plunger and shutting off the valve, Fig. 
19-52, This prevents the pressure from 
becoming any lower in the coilto which 
this valve is attached, thereby control- 
ling the minimum temperatures of the 
coil, 

As the coil warms up, the power 
bulb also warms up and the increase 


19-52. A thermostatic type, two-temperature valve. A. 
Bellows case cap; 2. Adjusting screw; 3. Adjusting spring; 
4. Bellows case; 5. Adjusting bellows; 6. Body; 7. Outlet 
or inlet; 8. Inlet or outlet; 9. Control rod; 10. Control 
bellows; ||. Bellows case; i Control line; 13. Control 
bulb. 
(Kelvinator Div., American Motors Corp.) 


in pressure is transmitted to the bel- 
lows. The valve is then opened per- 
mitting the compressor to draw vapor- 
ized refrigerant from that coil again. 
This latter type of valve is always 
located on the warmest coil as are the 
two previous types, Fig. 19-53. 


19-42. SOLENOID VALVE 
THERMOSTAT 
COMBINATION, TWO 
TEMPERATURE TYPE 


A fourth way to obtain various fix- 


19-53. Thermostatic two-temperature valve. A. Bellows; 
B. Spring; C. Rubber sleeve; D. Inlet connection; E. 
Stationary seat; F. Movable seat; G. Outlet connection; 
H. Indicating pin; |. Adjustment holes; J. Bellows; K. 
Thermal bulb; L. Valve cap. 
(Frigidaire Div., General Motors Corp.) 
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19-54. A diagram of solenoid valve. 
(Detroit Controls Corp.) 
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PRESSURE CONTROL 
19-55. 


ture temperatures in a multiple in- 
stallation is to use a thermostat con- 
nected in series with a solenoid valve, 
Fig. 19-54. 

The solenoid shut-off valve is usual- 
ly located in the liquid line, Fig. 19- 
55. Some systems have the solenoid 
valve in the suction line to prevent re- 
moving the refrigerant from the cool- 
ing coil. The thermostat is operated by 
the fixture temperature. When the fix- 
ture reaches the correct temperature, 
the thermostat opens and the electric 
solenoid loses its magnetism and the 
valve closes. No more refrigerant is 
fed to the coil and the cabinet will grad- 
ually warm up until the thermostat 
points close, the solenoid valve opens, 
and the refrigeration starts again. 


This system controls the refrigera- 
tion based on fixture temperature, the 
condensing is controlled by a pressure 
control, and the motor will stop only 
when all the fixtures are cooled. 

Another application of a solenoid 
valve is to use it to stop flooding the 


Installation of solenoid valves. 
(Detroit Controls Corp.) 
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19-56. A solenoid valve located in the liquid Jine and 
controlled by the pressure motor control. 
(Detroit Controls Corp.) 


low pressure side during the off cycle. 
This solenoid is electrically connected 
in parallel with the pressure motor 
control, Fig. 19-56. 


19-43. CHECK VALVES 


Many multiple installations are 
made in which one condensing unit is 
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connected to several coils all of which 
are at different temperatures. Two 
temperature valves are used to pro- 
cure these temperatures. Check valves 
are sometimes put in the suction line 
of the coldest coils toeliminate erratic 
refrigeration. 

After the condensing unit has stop- 
ped, one of the two-temperature valves 
may open before the condensing unit 
turns on, tending to flood the low side 
with a relatively warm refrigerant 
gas. This gas will also travel along 
the suction line of the coldest coil. 
If it enters this coil it will start con- 
densing, releasing its latent heat. This 
will make the cold coil defrost or at 
least warm up somewhat. The check 
valve when installed in the suction line 


TYPE 123 


19-57. A suction line check valve used in miltiple tem- 
perature installation. 
(Kerotest Mfg. Co.) 


of the coldest coil will only allow gas 
to be drawn from this coil and it will 
prevent warm gas going into the coil 
to warm it, Fig. 19-57. 


19-58. A surge tank installation. 


A. Surge tank; 8. 
Check valve; C. Two temperature valve; D. Compressor; 
F. Motor control. 


19-59. A cutaway view of an oil separator. A. Inlet; 
B. Outlet; C. Oil return tube; D. Oil float; E. Mounting 
bolt. 

(Aminco Refrigeration Products Co.} 


This check valve must have a tight 
valve and the valve must open easily. 
If the valve is too small or it opens 
with difficulty, it will act as a throttling 
device and cause too much pressure 
drop, tending to cause poor refrigera- 
tion in the coldest coil. 


19-44. SURGE TANKS 


A multiple temperature installation 
has a tendency to short cycle a pres- 
sure controlled condensing unit due to 
the pressure fluctuations resulting 
from the opening and closing of the 
two-temperature valves. 

For example, if the two-tempera- 
ture is closed and the condensing unit 
cools the lowest temperature coil 
enough to open the pressure motor con- 
trol, the condensing unit will stop. But 
if just after this stopping, the two- 
temperature valve opens, the low side 
pressure will rise rapidly and turn on 
the condensing unit, causing a short 
cycle. To eliminate this trouble a large 
cylinder or surge tank may be installed 
in the main suction line just ahead of 
the compressor. This surge tank is 
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made large enough that even thoughthe 
init is stopped and a two-temperature 
valve opens, the low side pressure will 
10t build up and start the unit too fre- 
quently due to the capacity of the surge 
ank to absorb a large gas votume and 
whereby slow down the pressure 
changes. The line connected from the 
90ttom of this tank to the compressor 
will facilitate oil return to the com- 
pressor, Fig. 19-58. 


19-45. OIL SEPARATORS 


It is very important that the com- 
ressor be kept lubricated. Because 
'he compressor does pump a certain 
amount of oil as it pumps the refrig- 
2>rant gas, and because there is a pos- 
sible chance that too much oil may be 
removed by the compressor, it is im- 
portant to return the pumped oil back 
to the compressor as quickly as 
20ssible before the compressor friction 
surfaces are ruined. 

All refrigerating systems are more 
sfficient when the oil is kept in the 


19-60. An oil separator. 
(Temprite Products Corp.) 


compressor. The capacity of each part 
of the system is increased by 5 to15%. 


It is especially important to keep the 


oil from circulation in low tempera- 
ture installations. Figure 19-59 illus- 
trates a cutaway view of an oil sepa- 
rator. 

Oil separators are placed between 
the compressor and the condenser. The 
oil separator collects the oil pumped 
over from the compressor and when a 
certain oil level is reached in the oil 
separator, a float opens a needle valve 
allowing the oil to be returned to the 
crankcase of the compressor. Figure 
19-60 illustrates a typical oil separat- 
or. 

The oil separates from the gas re- 
frigerant because the velocity of the 


19-61. A suction pressure throttling valve. The arrows 
indicate the direction of gas flow. The adjusting screw 
is located under the seal cap A. 

(Aminco Refrigeration Products Co.) 


gas slows down as it arrives in the 
separator. Also the separator is in- 
sulated to prevent it acting asa refrig- 
erant condenser. 


19-46. COMPRESSOR LOW SIDE 
PRESSURE CONTROL 
VALVES 


The starting of a compressoris one 
of the hardest loads the motor en- 
counters. The inertia of the moving 
parts and the fact that the crankcase 
pressure is at a maximum just as the 
compressor starts, necessitates using 
motors of excess capacity, and even 
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then they are usually taxed to their 
limit at the moment of starting. 

A low side pressure control is now 
being used on some installations which 
keeps the low side pressures in the 
crankcase down to a reasonable level, 
Fig. 19-61. It may be termed a re- 
versed metering, two-temperature 
valve because it never permits the 
crankcase pressure to exceed a cer- 
tain predetermined value and if the 
suction line pressure tends to exceed 
this value, the valve shuts the suction 
line off from the compressor. The body 
of the valve is usually made of brass, 


19-62. A non-adjustable compressor low side pressure 
regulating valve. 
(Sporlan Valve Co.) 


the diaphragm or bellows of phosphor 
bronze and the needle and seat are made 
of wear-resisting steel alloy. 

These crankcase pressure regulat- 
ing valves are needed where the com- 
pressor has to run too long before the 
low side pressure drops toa safe pres- 
sure. Another type of pressure regu- 
lating valve is shown in Fig. 19-62. 
This valve is non-adjustable and is 
preset to open at 11 psig for low tem- 
perature units or 27 psig for standard 
applications. The valve is actuated by 
a pressure difference in the low side 
and in the refrigerant charge in the 
cap. 

A refrigerating system that uses a 
pressure operated compressor pres- 
sure regulating valve is shown in Fig. 
19-63. This system uses three phase 


power, has a dehydrator, strainer, and 

a solenoid valve in the liquid line. 
Figure 19-64 illustrates a multiple 

installation cooling, a display case and 
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19-63. A refrigerating system showing the relative loca- 
tion of some of the more common refrigerant controls. 
(Alco Valve Co.) 


a frozen foods case. Note the location 
of the two-temperature valve, the low 
pressure motor control, the dehydra- 
tor, and the water line controls. 


19-47. WATER VALVES 


Many commercial units from 1/2 


-_ 


H.P. up use a water-cooled condenser ` 
wherever water is available. Due to 


better heat transfer and the lower 
condenser temperatures and pressures 
possible in a water-cooled condenser, 
the amount of power required to drive 
the condensing unit will be less than 


for a corresponding size air-cooled ' 


installation. This saving in electrical 
power compensates to some extent for 
the cost of the water used. 


The purpose of the water valve is ` 


to turn the water on and off as needed, 
and also to vary the amount of water 
as required. The three types of water 
valves used are the electric type, the 
pressure type, and the thermostatic 


type. 
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19-64. A typical mute installation showing the location of the important parts. 1. Water shut off valve; 2. 
Strainer; 3. Water valve; 4. Liquid receiver; 5. Condenser; 6. Compressor; 7. Motor control; 8. Two-tem- 
perature valve; 9. Magnetic starter; 10. Dryer. 
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19-65. An electrically operated water valve. 19-66. An electrically controlled water valve wiring 


(A-P Controls Corp.) diagram. 
(A-P Controls Corp.) 


the electric motor; when the electri- 
city is turned on, this magnet creates 
a magnetic field; a plunger located in 

The original water valves were the core of the magnet then moves in 
of the electric type (1920-24). Present attempting to minimize the magnetic 
day electric water valves are great resistance, Fig. 19-65. The plunger 
| improvements over those made inthe movement opens the water valve, and 
| past. the water flows through the condensing 
The valve is operated bya solenoid. coils, The valve is located between the 
| The principle of operation is: A mag- water supply and the condensing unit 


netic coil is connected in parallel with and it is usually mounted on the con- 
| 


| 19-48. ELECTRIC WATER VALVE 
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densing unit. The moment the motor 
starts, this valve opens, and when the 
motor is turned off the flow of water 
is stopped. 

These electric water valves, be- 
cause of their inherent construction, 
consume a small amount of current 
while they are in operation. This cur- 
rent varies between six and ten watts, 
but is compensated for by a saving in 
water consumed, Fig. 19-66 illustrates 
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19-67. A by-pass type of electric water valve used on 

large installations. It should be noted that the solenoid 

only controls the water by-passed to the large piston 
which in turn operates the main water valve. 


(A-P Controls Corp.) 


two typical electric water valve hook- 
ups. Both use a low voltage solenoid 
valve. However, most valves use a 
110-volt line, 

The body of the valve is brass and 
is made with both threaded and solder- 
ed connections. The plunger is made 
of a piece of non-corrosive steel. The 
valve stem is loosely connected to the 
plunger to permit a shock action to 
open the valve. Gravity and water 
pressure close the valve when the 
power is shut off, 

On large units a water valve using 
the by-pass principle must be used as 
Shown in Fig. 19-67. An advantage in 
the use of the electrically controlled 


19-68. A pressure controlled water valve connected on 
the high side at the compressor head. The rate of water 
flow is adjustable by adjusting the spring tension (top) on 
the valve. The water flows through the valve from right 
to left. 
(Penn Controls, Inc.) 


water valve lies in the fact that these 
valves may be removed or replaced 
without disturbing the refrigeration 
system, 

All electrically controlled water 
valves are soconstructed that the pres- 
sure of the water tends to keep the 
valves closed. The valve seats are 
usually made of brass or bronze and 
the valve face is of a special rubber 
composition. The water flow is con- 
stant in this type of control. 


19-69. A self cleaning type of water valve and seat. 
(A-P Controls Corp.) 


19-49. PRESSURE WATER VALVE 


The pressure operated type of water 
valve is becoming popular in the com- 
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19-70. A large capacity pressure operated water valve. 

The double valve and seal arrangement tends to balance 

the force from the water pressure fone valve is opened 

by the water pressure and one valve is closed by the 
water pressure). 


(A-P Controls Corp.) 


mercial refrigeration field. It consists 
of a bellows attached to the high pres- 
sure side of the system, preferably to 
the cylinder head; this bellows oper- 
ates a water valve. 
| In operation: As the pressure rises 
lin the condenser due to the accumula- 
‘tion of the gas, the bellows inthe water 
| valves expands and by various mechan- 
isms, depending uponthe specific water 
‘valve, the valve is opened permitting 
water to flow into the condensertocool 
the compressed gas. It opens the water 
circuit only when the water is needed, 
that is, as the pressure rises, Fig. 
19-68. It will keep increasing the water 
_flow just as long as there is atendency 
for an increase of pressure in the sys- 
tem. These valves are adjusted by the 
i tension of a heavy spring which presses 
| against the bellows. The valves are set 
to open at certain definite head pres- 
sures, depending upon the temperature 
of the water and the kind of refriger- 
ant used. See Chapter 21. It should be 
noted that some pressure controlled 
| water valve designs necessitate a regu- 
lar service operation to remove the 
| valve from the system. Some water 
valves are made self cleaning to re- 
,Move dirt particles. The water valve 
| 
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portion of the control may be removed 
without disturbing the refrigeration 
system. See Fig. 19-69. 

A regulated flow of water is ob- 
tained with this valve. As the condens- 
ing pressure and temperature increase, 
the valve opens farther; when the pres- 
sures and temperatures drop, the water 
flow is shut down. 

The valves proper are made of a 
hard rubber composition, Bakelite or 
fiber, whereas the seat is usually made 
of copper or brass. The valves are 
equipped with either a packing gland 
or a bellows at the point where the 
water valve actuating stem goes into 
the water valve body. The packing 
construction must be adjusted occa- 
sionally to keep it from leaking. The 
bellows, being a sealed mechanism, 
can only leak if it corrodes through. 
These valves usually do not depend on 
the pipe for support, but are provided 
with a mounting arrangement or flange. 
The water-in and the water-out con- 
nections are clearly labeled and the 
valves are usually threaded for 3/8 
in. standard pipe. Most of the valves 
are constructed so that the waterpres- 
sure tends to keep the valve closed. 
Fig. 19-70 shows a large capacity 
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19-71. A water line strainer. The opening in the upper 
left hand corner is the water into the strain connection. 
(Kerotest Mfg. Co.) 
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valve used on 1 in. water lines. This 
valve has a gear mechanism for ad- 
justing the pressures. 


19-72. A thermostatic water valve. The valve will start 
to open with a bulb temperatureof 120 F. and will be 
wide open at 125 F. The flow rate is adjustable (bottom 
screw) from 0 to 50 gallons per hour. 
(Detroit Controls Corp.) 

Both the electric and pressure type 
should be equipped with filters; thatis, 
they should have screens in the water 
supply line to remove any solids from 
the water, Fig. 19-71. 


19-50. THERMOSTATIC WATER 
VALVE 


The thermostatic water valve is 
controlled by the temperature of the 
exhaust water. The valve proper is 
identical to the pressure water valve 
with an addition of a thermostatic ele- 
ment connected to the bellows operat- 
ing the valve, The element is charged 
with a volatile liquid. The power bulb 
is clamped tothe compressor discharge 
line. The pressure created by the vola- 
tile liquid in the bulb opens the valve 
when the discharge line becomes warm 
and closes the valve as the line cools, 
Fig. 19-72. 

19-51. MANUAL VALVES 

Manual servicing valves used on 

refrigerating machines enable a serv- 


ice man to determine the operating 
pressures, to charge or discharge a 
system, or to remove any part of the 
system without disturbing the other 
parts. These valves must be of a 
sturdy construction and must be de- 
signed to withstand continual opening 
and closing without leaking externally 
or internally. They should be built of 
the best materials to withstand cor- 
rosion and deterioration. 


19-52. CONDENSING UNIT 
MANUAL VALVES 


The condensing unit is equipped with 
servicing valves similar to those of the 
conventional domestic system, withthe 
exception that these valves are some- 


Installed in suction and 


19-73. A vibration absorber. 
liquid lines it prevents condenser vibration from traveling ` 
into these lines. 
(Flexonics Corp.) 


times larger. That is, the valve stems | 


may be 3/8-in. across flats, and the 
gauge connections may be 1/4-in. pipe 
instead of 1/8-in. pipe. 

This also pertains to the liquid re- 
ceiver servicing valve, except that 
some of the units have an extra liquid 
receiver servicing valve located be- 
tween the condenser and the liquid 
receiver, 


19-53. MANUAL INSTALLATION 
VALVES 


In addition to the usual service 


valves, multiple installations are equip- 


ped with what are termed hand shut- 
off valves. These valves are required 
by law to be so located that they may 
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be manipulated easily and be readily ac- 
cessible. They may be classified as 
yiser valves or manifold valves. In 
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termed a riser valve, is a hand operat- 
ed valve with three openings to which 
refrigerant lines may be connected. 
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A wiring diagram of a commercial hermetic system without a condenser fan. 


(Frigidaire Div., General Motors Corp.) 


BF i. installations it is very con- 
venient to run the suction line fromthe 
BP or to a drop forged or cast- 
| brass pipe and then to have the indivi- 
dual suction lines for each cooling unit 
| go from this manifold to the coils. Be- 
tween each of these suction lines and the 
o old, and mounted into the mani- 
fold, is a hand operated shut-off valve. 
This permits any one of the suction 
lines to be closed without interfering 
, with the operation of the others. A 
| similar manifolding device is alsopro- 
vided for the liquid line. Installation 
, procedure usually provides for mount- 
ing these valve groupings in a steel box 
or cabinet or a special valve board. 


| 
19-54. RISER VALVE 


Another type of valve, whichis used 
asa shut-off valve and which is also 


Two of these openings are in line with 
each other on opposite sides of the 
valve, while the third one is a little 
closer to the valve wheel and is at 
right angles to the other two openings. 
By screwing the hand valve in, the 
opening at right angles to the other two 
is closed. This construction permits 
mounting the valve in either a liquid 
or suction line, enabling one to connect 
a second coil to it which may be dis- 
connected at any time from the remain- 
der of the system by screwing the valve 
all the way in. 

All service valves are of the drop 
forged construction to minimize seep- 
age through the valve. The valve stem 
may be of either brass or steel, with 
steel being quite popular. The packing 
around the valve stem may be as- 
bestos, lead, and graphite, or the valve 
may be of the packless type. At pres- 
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19-75. A wiring diagram of a commercial hermetic sys- 
tem with a condenser fan. 
(Frigidaire Div., General Motors Corp.) 


ent the packless type valve, meaning phragm as a sealing device rathe1 
the type which uses a bellows dia- than a packing, is most popular. Many 
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of the new valves have self-seating 
features. This means the valve is 
easily seated again by tapping the valve 
stem into the seat. The valve seat is 
made of a soft lead ‘alloy or Monel 
‘metal, a a 


19-55. REFRIGERANT LINES 


Hard drawn copper pipe is used to 
carry the refrigerants around the cycle. 
'This pipe is furnished in iron pipe 
‘sizes and the fittings are not inter- 
changeable with tubing sizes. See Chap- 
iter 2 for copper pipe sizes. Stream- 
line soldered connections are used to 
connect the fittings to this pipe. 

The National Refrigeration Code 
and local codes all require the hard 
copper pipe. Soft copper tubing is per- 
missible at the condensing unit end of 
the lines and also in the fixtures but 
even these short lengths are eliminat- 
ed wherever possible. 

To prevent any condensing unit vi- 
‘brations traveling into the lines, vibra- 
tion absorbers are installed in the 
jsuction and the liquid lines near the 
condensing unit, Figure 19-73. 

Because the appearance of an in- 
‘Stallation is important, the piping 
‘should be put in as neatly as possible. 


19-56. SIGHT GLASSES 


It is almost universal practice to 
install a sight glass in liquid lines of 
commercial installations. Most sight 
glasses are installed in a vertical flow 
tube. However, the sight glass shown 
in Fig. 19-76 can be installed in a hor- 
izontal line as it has an internal device 
which reads "Full" when there is suf- 
ficient refrigerant, and shows noread- 
ing when there is no liquid in the line. 
This sight glass has long extensions 
which permit soldering the joints with- 
out injury to the sight glass. 


19-76. A sight glass designed for soldered or brazed 
connections. 
(Imperial Brass Mfg. Co.} 


19-57. NATURAL GAS ENGINE 
DRIVEN SYSTEMS 


Natural gas engines may be used to 
drive refrigerating machines. The ad- 


19-77. Two natural gas driven refrigerating units. 1. Water Chiller, 2. Suction lines, 3. Discharge line, 4. Engine 
exhaust line, 5. Natural gas engine, 6. Seven cylinder radial refrigerant compressor. 


(Ready-Power Co.) 
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vantages are a variable compressor 
speed to produce flexible capacity and 
a low operating cost. The units are 
available in 4 to 75 ton capacities. 
Fig. 19-77, shows an installation of two 
of these units. Engine-compressor 
units of 1 to 5 tons capacity for use on 
mobile units, and for air conditioning, 
use gasoline or propane as a fuel. 


19-58. REVIEW QUESTIONS 


1. What are the advantages of the 
non-frosting cooling coils? 

2. Why must high pressure motor 
cut-outs be used with water- 
cooled condensing units? 

3. Where are the intake valves of 
a compressor usually located? 

4. Why is it advisable to connect 
the high pressure motor cut-out 
into the cylinder head of the 
compressor? 

9. Name the three types of water 
valves. 

6. Name the various two-tempera- 
ture valves. 


7, What are the advantages of wa- 
ter-cooled condensers? Air- 
cooled condensers? 

8. What are the advantages claim- 
ed for forced circulation cooling 
coils? 

9. Why is the pressure type motor 
control usually used in multiple 
installations? 

10. In multiple installations which 
use two-temperature valves, 
where should the check valves 
be placed? 

11. What per cent of a refrigeration 
load may be placed on a coil 
controlled by a two-temperature 
valve? 

12. Why does an evaporative con- 
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13. 


14. 


15. 


16. 


I: 


18. 


Me), 


20. 


217 


22. 


23. 


24. 


25. 


26, 


27. 


28, 


29, 
30, 


denser save 85% of the water 
consumption? 

Are liquid receivers equipped 
with safety devices? 

What is inside the inner tube of 
a tube within a tube condenser? 
How is cast aluminum used ina 
liquid cooling coil? 

What is the contra-flow prin- 
ciple in water cooled condens- 
ers? 

Why are combination air cooled 
and water cooled condensers 
used? 


Why must cooling coils be clean- | 
ed even though they are auto- 
matically defrosted? 

How is water used to defrost a 
system? 

Why must the drain pan and the 
drain pipe be heated during de- 
frosting cycles? 

What is the purpose of the check 
valve in the reverse cycle de- 
frost system? 

Why is a motor starter neces- 
sary? 

Why is an oil separator insulat- 
ed? j 
Why do some hot gas defrost ` 
systems reheat refrigerant be- l 
fore it returns to compressor? 


Which type water valve will not ; 
vary the water flow as the re- 
frigeration load changes? 

Why is a float valve used with 
an evaporative condenser? 

Does a flash cooler for a walk-. 


in meat cabinet need an auto- 
matic defrost system? Why? 
What is the purpose of a surge 
tank? 

What is a sweet water bath? 
Where are vibration dampers in- 
stalled and why are they needed? 


: i Chapter 20 


COMMERCIAL REFRIGERATION 
INSTALLATION AND SERVICING 


Commercial refrigeration installa- 
tions vary considerably. The following 
types of installations are used: 
| 1, Self contained units. 
a. Hermetic units. 
b. Conventional units. 
2. Remote condensing unit installa- 
tions. 
a. Single cabinet. 
b. Multiple cabinet. 
The size of the installation may 
| vary from 1/20 H.P. contained units to 
15 H.P. units for large cabinets. 
The size of the larger units is such 
that the assembly work of the complete 
| system must be performed on the pre- 
i mises. 
| The small units of the package type 
construction do not necessitate this 
complicated arrangement; instructions 
for installing and maintaining them will 
be found to be very similar to those in 
Chapter 9 for domestic machines. 
For example, a self-contained water 
cooler for an office necessitates only 
| three connections. Electricity is ob- 
‘tained by means of a plugged in con- 
‘nection, and a plumber will be able to 
I connect the water and attach the drain 
to the system. 
Multiple installations must be in- 
| stalled to handle the refrigeration load 
efficiently and must be set up to 
minimize the chances of accidents. All 
installations should be made with per- 
Manency and neatness as the two main 


objectives, Many cities have laws and 
codes designating how and where cer- 
tain refrigerating apparatus may be 
installed. See Paragraph 29-7 for the 
National Refrigeration Code. Also most 
refrigerating companies have rules 
directing how their equipment should be 
installed. Previous to the time cities 
and the manufacturers systemized their 
procedures, many installations were 
made with the workman’s own ideas 
incorporated in the job. 

Many small cities and rural com- 
munities are not restricted by code, 
and installations are usually put in ata 
minimum cost. One must, therefore, 
consider two types of installations: 

1. The non-code installation. 

2. The code installation. 

A good practice to follow is to 
install all units according to the Nation- 
al code. 

The servicing of commercial in- 
stallations in some respects is similar 
to that of the domestic unit. However, 
the use of multiple cooling coils ona 
single compressor, and the use of the 
thermostatic expansion valve, plus the 
rather universal application of water- 
cooled condensing units, necessitatesa 
rather detailed study of how these 
commercial units may be serviced. 

The troubles encountered come un- 
der various headings such as, no re- 
frigeration, continuous running, a high 
electric bill, poor refrigerating tem- 
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peratures, frosted suction lines, etc. 

Servicing information in this chap- 
ter deals mainly with the multiple 
systems, what goes wrong in them, and 
how to repair them. Much of the ser- 
vicing is similar to that followed in 
domestic practice and the material in 
Chapter 11 may be used to a con- 
siderable extent. The tools listed in 
Chapters 2 and 12 are usable for 
commercial servicing. 


NON-CODE MULTIPLE 
INSTALLATIONS 


20-1. 


A definite procedure of routing 
should be closely adhered to when 
assembling a multiple system in order 
to safeguard against any faults in 
assembly, and to eliminate careless 
procedures which refrigeration service 
departments claim produce more than 
90 per cent of the servicing difficulties. 
Assuming that the problem has been 
completely solved from the heat load 
angle (Chapter 21), and that the units 
are well proportioned and of such a 
Size that they will efficiently handle 
the load, the proper installation must 


be made in a way to take fulladvantage 
of these factors. In a non-code in- 
stallation, the tubing, safety valves, 
and protective devices should be in- 
corporated in the installation with op- 
erating efficiency, permanency, safety, 
and good will as commanding factors. 


20-2. INSTALLING CONDENSING 


UNIT 


The first problem tobe solved is the 
location of the condensing unit in re-s 
spect to the cabinet or cabinets, Fig. 
20-1. It is only natural that this loca- 
tion should be as close to the various 
cabinets as possible, i.e., a central 
location. 

The installation should be done in 
the following order. 

1. Put the cabinets in their proper 
place. 1 
Locate the place for the con=! 
densing unit and install it. i 
Install the cooling coils. 

Install the valves and controls. 
Install the tubing. 

Check for leaks. | 
Dehydrate the installation. 


i) 


ADO bh Ww 
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20-1. 


A typical non-code installation. 


A. Condensing 


unit; B. Cabinets; C. Floor line. 
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8. Start the unit. 

9. Check the operation of the unit 
k and obtain 24 hour temperature 
{ and pressure records of the 
units operation, > 


—— 


od 


20-2. A method of fastening the tubing to the wall. A. 
Suction line; B. Liquid line; C. Clamp; D. Wood screw; 
E. Friction tape. 


It is recommended that the con- 
densing unit be put in the basement or 
in an adjacent room to the one in which 
the cabinet is located. Avoid putting the 
‘condensing unit where it will be expos- 
ed to very low or freezing tempera- 
tures. Locating the condensing units in 
the same room with the counters and 
boxes is often somewhat disturbing 
because of the noise produced. 

The location of the condensing unit 
must also be governed by the source of 
electrical supply, water supply, and 
water drainage. The plumbing and elec- 
trical connections should be done by 
licensed contractors in those fields. 
The refrigeration contractor can easily 
sub-contract these segments of the 
installation. The proportioning of the 
cost as to the running of the electrical 
lines and the refrigerant tubing is a 
local problem, but most refrigeration 
‘service men prefer to minimize the 
electrical work and extend the re- 
frigeration lines, ifnecessary, because 
it is more in their own field. This idea 
is basically uneconomical, because of 
the reduction in efficiency of the con- 
densing unit when the tubing is runa 
long distance. 


The condensing unit should be 
mounted on a cement base, if possible, 
and hold-down bolts are recommended 
to keep the unit stationary. The unit 
should be mounted level. At least two 
of the condensing unit legs should be 
adjustable to enable the unit to be 
mounted level and still firmly mounted 
on all supports. Commercial condens- 
ing units are usually provided with a 
base which usually permits mounting 
the condensing unit on the floor. How- 
ever, when the floor is moist or when 
the floor is dustier than normal, a 
stand should be constructed of wood, 
steel, or cement to enable mounting the 
unit 20 to 40 inches above the floor. A 
flimsy base will magnify any vibrations 
or sounds and snould not be used. 
After the locations of the various units 
are determined, a sketch or drawing of 
the entire installation should be madeto 
eliminate mistakes in the estimate of 
supplies, parts, etc. One should be 
familiar with the symbols in these 
drawings. 

The condensing unit should be plac- 
ed in an accessible place. Do not put 
it under stairways or in closets. Re- 
member that if it is an air cooled unit 
it must have considerable air volume 
for its cooling air. 

Protect the condensing unit from 
heavy objects or falling objects by 
putting a heavy wire cage around it and 
over it. A neat installation requires a 
valve and accessory board to be in- 
stalled on the wall just above the con- 
densing unit. This board should support 
the valves, the dryer, the two-tempera- 
ture valves, the electric boxes, and 
instruction cards for service work. 


20-3. INSTALLING COOLING COILS 
Cooling coils should be carcfully 
mounted and firmly fastened. The cool- 
ing coils are usually fastened to the 
ceiling of the cabinet if it is eithera 
grocery, a florist walk-incooler, orthe 
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like. The coil can be correctly mounted 
by using a plumb line to locate the 
holder positions. Also the coil should 
not be held awkwardly while the hanger 
positions are marked in the ceiling or 
wall. A cardboard template is also a 
useful means for locating mounting 
devices. 

Display counter coils are usually 
supported from underneath the coil by 
stands. These Stands or brackets should 
be provided with an adjustment, tohelp 
level the coils in all directions, These 
hangers are uSually made of galvanized 
strap iron 1/8-in. x 3/4-in., or of 
copper. 

The hanger may be attached to the 
ceiling of the cabinet in one of three 
ways. It may be bolted directly through 
the cabinet ceiling with galvanized or 
tin plated carriage bolts, or the hanger 
may be fastened to a sheet by means of 


20-3. A sleeve to protect tubing as it goes through 
wall or floors. 
cap screws (both of these being plated 
to prevent rusting), andthe plate in turn 
is fastened to the ceiling of the cabinet 
by brass wood screws. The third method 
is to fasten the bracket directly to the 
ceiling by means of wood screws. The 
second method is considered the best, 
although it is a little difficult in some 
cases, If none of these is workable for 
the particular installation, horizontal 
steel piping fastened to the walls ofthe 
cabinet may be used as supports for 
the coils, or the coils may be supported 
from underneath by a stand which is 
fastened to the baffles in the cabinet. 
These later devices make it rather 


difficult to mount the coil in a level | 
position and to keep it in a firm posi- | 
tion. Regardless of the devices used to 
mount the coil, they should be re- 
checked after being put in, to insure 
that they are level, 


20-4. INSTALLING TUBING 

The tubing in non-code installations 
is usually run along the walls and 
ceiling; it is supported only at intervals 
frequent enough to keep the tubing ` 
straight and firmly in place. Special 
clamps are manufactured as tubing 
fasteners, but a galvanized conduit 
clamp of the 1/2-in. size is sufficient 
for most situations, Fig. 20-2. The.: 
tubing should be insulated from these 
clamps or protected from them by 
means of a short wrapping of friction | 
tape to prevent chafing. 


L 

Where the tubing is run through the! 
floor or wall, it should be adequately: 
protected by means of short runs ol. 
conduit, or flexible metal tubing! 
(Greenfield), and the ends sealed up with 
some sealing compound, otherwise; 
chafing of the tubing and corresponding: 
troubles are likely to result, Fig. 20-3. 
The tubing in all cases should be rus! 
horizontally and vertically with neat. 
looking bends of as perfect radius as! 
possible. i 

The liquid line presents no dif- 
ficulties as to its slant and position,’ 
but one must always install the suctior 
lines so the tubing will drain into the’ 
compressor, Any low spots in the 
suction lines will act as accumulators 
of return oil, and will eventually form. 
a liquid slug in the tubing; when this is 
carried to the compressor it will cause 
some disturbance in the crankcase; 
resulting in temporary oil pumping. Ii 
the tubing must slant upward on re- 
turning from the cooling coils to the 
condensing unit, the construction shoulc 
be made to permit a steady downwarc 
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slant of the tubing to a certain point at 
which a U-bend is located. The U-bend 
twill act as an oil trap, functioning as 
the low spots mentioned above, insuring 
a positive return of gil to the com- 
pressor. This is poor practice, how- 
ever, and should only be used as a last 
resort. 

| The tubing should never be runnear 
sources of heat, such as hot water 
‘lines, steam lines, near furnaces, etc. 
Such sources of heat will cause poor 
refrigeration or at least will reduce 
| the efficiency of operation. 

As previously stated in the text, 
copper tubing comes in coils usually of 
50-foot lengths, and the tubing is de- 
hydrated and then sealed at the ends by 
the manufacturer. In the average com- 
mercial installation 1/4-in. tubing is 
used for the liquid line and 1/2-in. 
tubing is used for the suction line, Itis 

only in cases such as large installa- 
tions and sizable air-conditioning sys- 
tems that a larger, liquid-line tubingis 
i required. Only the very largest com- 
mercial installations use a larger suc- 
| tion line tubing than 1/2-inch, although 
j practically all the air-conditioning in- 
| stallations use larger tubing. 

| This tubing during the period of in- 
stallation should be kept as clean as 
possible. The tubing should never be 
put aside with the ends open. If possible 
all tubing should be put in place before 
| being unsealed. The tubing should be 
sealed if it is not to be used fora 
‘period of five minutes or more. See 
Paragraph 2-3 for tube sealing instruc- 
itions. The most practical method of 
installing this tubing is to uncoil 10 
feet of it at a time by unrollingthe coil 
along the floor and then run it up 
through the floor openings from under- 
|neath, gradually working the tubing into 
| place. 

| One will not have any difficulty in 
jinstalling the 1/4-in. tubing, but 1/2- 
in. tubing must be rather carefully 
‘handled to prevent buckling at the 


bends. Tube benders of all sorts are 
available for bending the tubing and 
should be used. 


In a non-=code installation where the 
individual suction lines and liquid lines 
run into the main lines, T- connections 
may be used and the valves for shutting 
off the individual coils may be located 
near the coil itself. Valves, dryers, or 
other heavy objects should not be sup- 
ported by the tubing. These articles 
should be mounted on the wall or some 
other support. These connections may 
be of the 45 degree S.A.E. flare type, or 
of streamline soldered fitting construc- 
tion. The most serviceable installation 
may be made with the use of streamline 
type flange fittings inside the cabinets. 
One has the choice of streamline fit- 
tings or flared connections outside the 
cabinet on the tubing runs between the 
cabinet and the condensing unit. Con- 
siderable trouble can be avoided if the 
flares are made as good as possible 
and that the tubing does not have any 
‘spring away’’ tendency at the flare. 
Soldered conditions are made easily if 
proper procedures are followed. See 
Chapter 2. 


Whenever tubing is installed it 
should be immediately sealed after the 
flare or streamline connections are 
made to keep it as clean as possible 
and the tubing should be attached per- 
menantly to the supports along whichit 
runs. 

Always run the tubing in such a 
manner that the construction of the 
support protects the tubing from acci- 
dents. That is, do not place it in such a 
position that a person carrying an 
object through a doorway or around a 
corner is liable to catch the tubing and 
strain it excessively, or do not putitin 
such a place that it is open to abuse 
from the handling of articles in that 
room. Do not put any loops or un- 
supported bends in the tubing except at 
the condensing unit. 
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At the condensing unit, one should 
always install a dryer in the liquid 
line, a vibration damper or soft tubing 
with at least one horizontal loop, anda 
sight glass in the liquid line, Figure 
20-4. 


20-4. A condensing unit with tubing installed. Note 
the vibration dampers, etc. 
(Johnston Refrigeration Service] 


20-5. REMOVING AIR 


After the tubing is installed the 
following should be done to prepare the 
unit for operation. 

Air may be removed by forcing it 
out of the lines using refrigerant or 
some clean non-condensable gas(COg, 
N2 or Argon), The air may also be 
removed by pumping a vacuum using 
either the condensing unit compressor 
(not recommended) or a separate vac- 
uum pump. The liquid lines must be free 
of air before the unit can be operated, 
The liquid lines should be cleaned 
before they are connected to the ther- 
mostatic expansion valve and the cool- 
ing coil. 

A method used by many installation 
men is to connect a by-pass line from 
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the liquid line to the suction line near 
the compressor, Fig. 20-5. This lineis 
controlled by a one-way hand valve and 
may be used to pump a vacuum on the 
liquid line. In detail, the compressor 
pumps a vacuum on the suction lines 
first; then with all the liquid line 
valves closed, the by-pass valve is 
opened allowing the vacuum to be 
pumped on the liquid lines also. Purging 
the lines may also be performed when 
one uses this method. The following 
paragraphs will explain some further 
uses for this by-pass valve. Do not put 
a dryer in the system until most of the 
air has been removed. Use a short} 
length of tubing in place of thedryer. 


20-6. EVACUATING SUCTION LINE 


To remove the air from the suction 
lines the usual procedure is to pump 
the air out of the lines by using the 
compressor, or a vacuum pump. 

To use the compressor proceed as) 
follows: One must put a compound! 


20-5. A by-pass line for emptying and evacuating liquid 
lines. A. Liquid line; B. Suction line; C. By-pass line; D.. 
Shut-off valve; E. Strainer. 
gauge on the compressor suction ser- 
vice valve or install a gauge manifole 
and remove the refrigerant from the 
crankcase of the compressor by draw- 
ing a 20-in, vacuum or more, Be care- 
ful of oil pumping. Then, installa purg- 
ing line into the gauge opening of the 
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discharge service valve. This purging 
line must be equipped with a hand shut- 
w off valve. Run this line out-of-doors 
into a bucket. Turn the discharge ser- 
vice valve all the way in, shutting off 
the condenser opening, Now turn the 
suction service valve almost all the 
way out and pump a vacuum on the 
suction lines. The air being removed 
will be discharged out the purging line. 


This line may be run either outdoors 


or into a receptacle. Avoid purging it 
into the room where the condensing 
unit is located as gases of any kindare 
harmful to the people in the room. 
After creating as high a vacuum as 
possible with the compressor, which 
means that 70 to 75 per cent of the air 
in the suction line has been removed, 
the extreme refrigerant valve may be 
cracked very slightly. This will permit 
a very small quantity ofthe refrigerant 
to come down the suction line; when 
this has been pumped from thesystem, 
the amount of air left inthe suction line 
will be negligible. 


20-7. TESTING FOR LEAKS 


After these two lines have been 
cleansed of air, the unit is ready to 
operate, but it should be very carefully 
checked for leaks first. The best way to 
locate leaks in any system is to build 
up a pressure in all parts of the system 
using a non-condensable dry gas (CO2, 
Nitrogen or Argon). In case alow pres- 
Sure refrigerant is used, or ifthe local 
code specifies a pressure test above 
the refrigerant’s vapor pressure some 
Other gas may be used for testing. 
Carbon dioxide or nitrogen are satis- 
» factory. Caution: Never use oxygen or 
' any flammable gas for this purpose. 

This testing should include the liquid 
l line, suction line and all other parts 
| installed by the installation man except 
‘the condensing unit of this particular 
‘installation. After building up a pres- 
| Sure, the various means for testing for 


leaks should be used and checked over 
very carefully. See Paragraph 11-37. A 
small leak is very hard to find, and 
unless a very careful leak checking 
routine is followed, will eventually re- 
sult in considerable trouble. If the 
pressure gauges show no drop inpres- 
sure after an hour or more, one should 
raise the test pressure and test again. 
Do not exceed the pressures as pre- 
scribed by the National Code. The cost 
of the refrigerant to be replaced and 
the hazards to food and human comfort 
from lack of refrigerant makes check- 
ing for leaks a paramount requirement. 
Figure 20-6 shows the equipment used 
by most service men for checking 
Halide refrigerant leaks. 


© 


i 
f 


\ 


20-6. An acetylene cylinder a pressure regulator, a long 
hose, and a halide refrigerant leak detector torch. 
Linde Air Products Co.) 


20-8. CHECKING UNIT BEFORE 
STARTING 


If the motor control has not been 
already adjusted for the installation, 
this should be done before the system 
is set in operation. The settings of the 
motor controls will vary with the 
demands of the cabinets and with the 
various kinds of refrigerant used. Be 
sure the water is turned on in case 
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it is a water-cooled condensing unit, 
and that the fuses in the electric 
curcuit are the right size. 


20-9. STARTING UNIT (LOW SIDE 
FLOAT SYSTEM) 


Enough low side float systems are 
still in service to warrant an explana+ 
tion of how to start them. Open all the 
liquid line and liquid receiver valves. 
Start the compressor. When starting 
a completely warm installation of this 
kind if the cooling coil low side pres- 
sure is permitted to go into the crank- 
case of the compressor unreduced, an 
excessive load will be imposed upon 
the compressor and motor and serious 
harm is likely to result. Since the com- 
pressor pulls down the low side pres- 
sure very rapidly, the following pro- 
cedure is believed to be the best. After 
starting the unit, open the Suction line 
valve on the various cooling coils, one 
at a time at 10 minute to 15 minute 
intervals and open each valve very 
slowly. It should take at least two 
minutes to open each of these suction 
line valves two turns. This procedure 
gives the compressor time to reduce 
the high pressure on the low side to 
close to the normal level. 

After all the cooling coils have 
been opened and everything is running 
normally, the service man should stay 
on the premises for at least an hour 
checking the operation. He should re- 
turn within 24 hours to determine how 
the system is performing. The checking 
of the system should include the high 
and low side pressures, vibration of the 
unit, the amount of water flow in case of 
a water-cooled system, and the tem- 
peratures of the suction lines at the 
cooling coils to find out if they are 
flooding back due to out-of-calibration, 
or a leaky needle. It is recommended 
that an installation of this kind be 
checked with a 24-hour thermograph 


after the unit has settled down to a 
routine cycle. 


20-10. REMOVING AIR (DRY 
SYSTEM) 


After the tubing has been installed 
and connected with the thermostatic 
expansion valve system, the service 
man should evacuate the system and 
remove the air from the newly installed 
parts in a manner similar to that 
described in Paragraphs 20-5and 20-6, 

Most dry coils are fitted with seal- 
ing caps over the tubing ends to pre- 
vent moisture and dirt from entering 
them during shipment and installation, 
but these caps are not always air-tight. 
This means that the coils should be 
evacuated just as thoroughly as the liq- 
uid and suction lines. The best pro- 
cedure for cleaning this part of the 
system is to evacuate it, using a method 
very similar to that described for re- 
moving air from the low side float coil 
installation, 

This procedure as stated before is 
the method whereby air is pumped out 


of the lines and the coils into the open - | 


air, and the liquid receiver service 
valve is then cracked. The only valve 


to be kept closed during this procedure — | 
is the liquid receiver service valve, Jj 


All the others are to be as far open as 
possible, permitting the evacuation to 
work on all parts of the system. After 
all the air has been removed and the unit 


purged, the service man shouldtestfor | 


leaks using a pressure throughout the 
system and then a high pressure. The 
leaks should be carefully looked for 
because, as previously explained, this 
is one of the most important steps in 
an installation of any kind. 


20-11. STARTING A DRY SYSTEM 


Thermostatic expansion valves 
when they are warm are completely 
open. To start the system with the full 
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load of all the coils on it, the com- 

ressor will be overloaded, as in the 
Eo side float installation. Therefore, 
all liquid line valves should be closed 
and the condensing unit started. The 
liquid line manifold valves may then 
be opened one at a time, requiring two 
minutes to turn the valves two revolu- 
tions. It is a very important precaution 
in refrigeration never to overload the 
compressor even for very short inter- 
vals. After one coil has been opened 
and after a 15-minute interval of oper- 
ation, the coil has a chance to cooldown 
somewhat, tending to make the expan- 
sion valve throttle off the refrigerant. 
This gives the compressor a chance to 
gradually reduce its load. The remain- 
der of the coils may then be brought 
into service in the same way. 

The service man, after starting the 
unit, should check the high and low side 
pressures, the amount of waterflow in 
case it is a water-cooled system, and 
the operation of each individual expan- 
sion valve. Also determine if the ad- 
justment is correct for each coil; that 
is, frost or sweating on the suction 
line will indicate whether or not the 
expansion valve is opened too farornot 
far enough. Another very important 
procedure or routine to be followed at 
this time is to determine whether or 
not the system has enough refrigerant. 
This should be done as described in 
Paragraph 20-36, 


20-12. CODE INSTALLATIONS 


l Many localities now have very def- 
inite rules and regulations pertaining 
to the installation of refrigerating 
equipment of all kinds. The code covers 
the various classes, but pertains mostly 
to industrial and commercial refriger- 
ation. Domestic units are not usually 
included in code regulations because 
ithe manufacturers of these units cover 
in detail the necessary requirements. 
In commercial installations, where the 


| 


units are assembled on the premises, 
there are certain requirements that 
must be adhered to in order to insure 
a uniformity of performance, and to 
make the installation as satisfactory 
and safe as possible, 

Installation codes also protect the 
purchaser from careless installations 
made by untrained persons or made in 
such a way as to be maliciously crim- 
inal. Most cities have a code of this 
nature and some of the high points of 
all codes are the following: Only licen- 
sed refrigeration contractors may in- 
stall commercial equipment, a permit 
must be obtained for each installation, 
each installation must be inspected, 
the lines must be labeled as to re- 
frigerant, certain safety devices must 
be installed in the system, the conden- 
sing unit must be installed in a safe 
place, the electrical and plumbing work 
must be done by licensed electricians 
and plumbers respectively, the system 
must be tested under certain pressures 
on both the high and low side, and it 
must be free from leaks. See Para- 
graph 29-7 for the recommended 
National Refrigeration Code. 

The National Code and Local Codes 
are accumulations of thousands of ex- 
periences with installations. These 
codes are based on the premise of 
safety for the installer, the owner, the 
user, and the public. Experience has 
shown that code installations give bet- 
ter service, are easier to maintain and 
in the end result, are more economical. 


The code recommendations vary as 
to the amount of refrigerant that may 
be placed in the system (human safety). 
The more refrigerant in a system, the 
greater forces that can be created 
under high temperatures and the more 
air the escaped gas will displace and 
therefore the more people it can as- 
phixiate (suffocate). 

The code recommendations vary as 
to the kind of refrigerant. The more 
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explosive or flammable a refrigerant, 
the more dangerous it is to people and 
property. The more toxic (poisonous) 
a refrigerant is the more dangerous it 
is to people. 

The code recommendations also 
vary with the type of service in use. 
For example, one has to be more care- 
ful where invalids, handicapped, and 
restricted persons are concerned. 
Also, the danger of panic where large 
groups of people are gathered (public 
assemblies) must be considered. 

A good refrigeration craftsman 
should be grateful that the time and 
trouble has been takento prepare codes 
that so throughly protect all concerned 
if carefully obeyed. 


20-13. INSTALLING CONDENSING 


UNIT 


In all cases condensing unit must 
be firmly mounted to avoid a sudden 
shift or movement that would endanger 
the refrigerant lines. The precautions 
one must take vary with the size of the 
condensing unit, the kind of refrigerant, 
and in what situation the unit is to be 
placed. 

The condensing unit must be placed 
where it cannot be harmed. It must 
either have a cage around it (small 
unit) or it must be in a separate room. 
It must have good ventilation, to permit 
escape of the refrigerants out of the 
room in case the unit develops a leak 
(windows for smaller units, forced 
exhaust for larger units), Also larger 
units must be protected from fire 
damage by using fire-proof self closing 
doors, etc. The better installations use 
a separate machine room for the re- 
frigeration condensing units. 

The electrical work must be done by 
a licensed electrical contractor. 

The plumbing work must be done by 
a licensed Master Plumber. 

To prevent violent rupturing or an 
explosion of the condensing unit due to 


excessive pressure, the code specifies: 

1. High pressure cut-outs to stop 
the motor. 

2. Pressure relief valves or rup- 
ture discs to dissipate the dis- 
charge slowly. These safety 
openings are piped to the out- 
doors by way of copper pipe 
connected by silver brazed joints 
(high temperature strength), Fig. 
20-7, A spring-loaded safety 
valve with a synthetic rubber 


20-7. A safety head (ruptured disc type) for Freon-I2. 
The disc is made of silver. The safety hea is obtainable 
having various rupture pressures from 175 psig to 1000 
psig. The safety head is usually designed to rupture 
at 50 per cent above the al operating pressure. 


(Black, Sivalls & Bryson, Inc.) 


valve, It has interval pipe threads : 
at both ends, Fig. 20-9. Fuse 
plugs are also used for those:: 
rare cases where the unit be- 
comes overheated because of 
fire, Fig. 20-8. 

All refrigerant lines should beper- 
manently labeled with signs identifying 
the refrigerant. 

20-14. INSTALLING COOLING COIL 

The Code recommends limits of re- 
frigerant for those cooling coils that 
would expose people to the refrigerant 
in case of leaks. Those coils installed 
in ducts should be cooled with a brine 
rather than a refrigerant depending 
on the total amount of refrigerant inthe 
system, 

The cooling coil should be mounted 
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firmly in the cabinet and it should be 
protected to avoid injury tothe system. 
x The refrigerant lines should be of hard 
copper pipe (L or K) or they should be 
protected with conduit wherever there 
is evan a remote possibilities of injury 
to the system. 
The cooling coil should always be 
leveled when installed. A spirit level 
is the only reliable means to do this job. 


20-15. INSTALLING REFRIGERANT 


LINES 


The codes attempt to specify re- 
frigerant lines that are permanent and 
safe. The codes recommend that strong 
piping be used (Type K (strongest) or 
L) and that the piping be protected by 
_ adequate supports and adequate guards. 
Some localities recommend that hard 
copper pipe that is exposed have at 
least .065 in wall thickness. The joints 

in the piping must be placed so they can 
| be easily inspected. The joints must be 
| made with strong fittings and the 
| solders used must be of excellent 
| quality. Soft solder can be used for 
most of the joints but if there is a 
possibility that fire may heat the piping, 
| the joints should be silver brazed. 

To avoid pinching or crimping the 
piping, the code recommends that the 
lines not be run through a floor but 

rather through a fire proof duct when 
_ going from one floor level to another. 
| The code recommends that the 
piping always be supported by the 
building structure, meaning that the 
| pipe should not be run across joints or 
| studs where the unsupported part can be 
| abused. It is recommended that the 
| piping be at least 7 1/2 feet above the 
floor level when put across a room. 


— 


20-16. STREAMLINE FITTINGS 
| 
The size of commercial units has 
_ been increased quite steadily inthe last 
few years and many units now have as 


much as 20 tons capacity. This is 
especially true with summercooling or 
comfort cooling installations in air- 
conditioning plants. The sizes of the 
liquid and suction lines in these in- 
Stallations are frequently 3/8 in. and 
2 in, in diameter respectively. It is 


20-8. A fusible plug for liquid receivers. 
(Mueller Brass Co.} 


evident that flaring a 2 in. lineis out of 
question. Forthis reason and because of 
other natural advantages of the joint, 
streamline fittings have become very 
popular and are used exclusively on 
large units. These fittings as described 
in Chapter 2 consist of a drop-forged 
or extruded fitting with a machined 
recess of sufficient size to receive the 
hard copper tubing. The clearance 
between the two is a matter of a few 
thousandths of an inch. 


20-9. A spring loaded pressure relief valve. It uses a 
synthetic rubber seat. It is available in a variety of 
pressure ranges. 

{Henry Valve Co.) 
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When this joint is heated and solder 
is fed to the surface, capillary action 
draws the solder intothe space between 
the two, forming a very strong joint. 
The soldering of hard copper tubing 
joints must be expertly done or con- 
siderable trouble will result in bad 
joints and leaks. One should only at- 
tempt this work after considerable 
practice. Hard drawn copper tubing 
which is seamless has a greater wall 
thickness than the annealed copper 
tubing. It comes in 10 or 20-foot 
lengths rather than in rolls. The ends 
are either capped or plugged. The 
tubing is brazed or soldered to the 
fittings. When making an installation of 
this kind, extreme care should be taken 
to use fluxes and solders recommended 
by the manufacturers, and also to have 
the ends of the tubing square to prevent 
any solder from running into the tubing. 
See Paragraph 2-1. 


20-17. SPECIAL TUBING 


Copper tubing normally comes with 
no special finish provided for the 
inside or the exterior surface. This 
permits the copper to become corroded 
if exposed to certain corrosive ele- 
ments, such as running the tubing 
through liquid or through air saturated 
with acid fumes or corrosive elements 
of any kind. In places where sanitation 
is of primary importance, tubing with 
tinned surface is used. A typical 
example of this is the installation 
where the copper tubing runs into a 
cabinet and is connected to the cooling 
coil. That portion of the tubing inside 
the cabinet is subject to the moisture 
saturated air of the cabinet and could 
eventually become corroded. Using tin- 
ned tubing prevents this. One company 
uses tinned tubing exclusively, because 
the company believes the sanitation 
aspect is important enough to warrant 
the extra expense. 

Where the tubing is used to convey 


beverages such as beer between the 
kegs and dispensers, soft drinks, car- 
bonated beverages, etc., many local 
codes require the use of special tubing. 
One such tubing is block tin tubing. It 
is available in rolls and comes in 1/4 
1D and 3/8 in. 1D sizes. 

Stainless steel tubing is considered 
the best for carrying beverages. It is 
available as follows: 

1/4 OD with a .020in. wall thickness 

5/16 OD with a .020 in. wall thick- 

ness 

3/8 OD with a .025 in. wall thick- 

ness, 

These tubes will insure amaximum 
of sanitation for the beverage tubing 
and a maximum life for the cooling 
water tubing. Both of these tubes are 
best fastened by solder or sweat con- 
nections, 


20-18. REFRIGERANT LINE 
CONNECTIONS 


There are two common methods of 
installing a multiple installation as it 
concerns the installing of the tubing. 

One method is to have a common 
liquid line and common suction line 
and to tap the various cooling coil 
liquid and suction lines to it at the 
most convenient points. 

The other method is to use a clust- 
ering system wherein all the various 
lines are brought to a common point 
and connected through a hand valvetoa 
manifold line. From this point to the 
compressor a larger suction or liquid 
line is run. The latter method predom- 
inates at the present time and is the 
neater and more convenient installation 
to use. This method does not have tobe 
strictly adhered to in cases where one 
coil is at some distance from the box, 
necessitating a duplication of long runs, : 
The manifolding case of a code in- 
stallation is usually on the wall near — 
the condensing unit. 

An important item to be kept in 
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mind at all times is that every fitting 
used, and every bend put into the re- 
frigerant and suction lines, decreases 
the efficiency of the installation. The 
number of these used should be limited 
as much as possible. <- 


20-10. An installation valve showing the means for 
mounting the valve on a panel. 


{Henry Valve Co.) 


Remember that one should either 


| remove the inner parts of the valves 


while the tubing is being soldered to 
the valve or wrap the valve with a wet 
cloth. Take care not to allow moisture 
to enter the valve. 


20-19. REFRIGERANT LINE VALVES 


All valves are to be hand operated. 
The codes require that these valves be 
of such construction that anyone may 
shut them off on short notice without 
the need of special tools. The valve 


uses a hand wheel mounted permanently 
on the valve. These valves are pro- 


vided with brackets whereby they may 
be attached firmly to a panel. The 
valves commonly come in two styles. 
In one style the valve shuts off just one 
of the three connections made to the 
valve, Fig. 20-10. The other two, 
remaining uncontrolled, permit the 
passage of refrigeranttothe remainder 
of the system. The other style valve is 


a one way valve and stops the flow of 


refrigerant when turned in (clockwise), 
The older style valves were of the lead 
and graphite packing style, but packless 
valves are now becoming popular. The 
manipulation of the code installed unit, 
upon Starting, to insure long and effic- 
ient refrigeration, is precisely the 
same as described in starting the non- 
code installations. This does not com- 
plete the installation regulations, how- 
ever, because in all code installations 
an inspector is usually assigned to 
check over the installation before the 
unit may be operated. 


20-20. TESTING CODE 
INSTALLATIONS 


Code authorities require that per- 
mits be taken out before either an 
installation can be made or a major 
service operation be performed in 
commercial units. Specifications of the 
proposed job are presented when re- 
questing a permit. Permits are not 
issued unless the specifications pre- 
sented meet the code requirements, 

On completion of the work an in- 
spector is called, and his sanction 
must be given before the unit may be 
run, Some localities require that the 
refrigeration installation men be 


licensed, 
The inspector upon reaching the 


premises, checks the installation to see 
if all the work has been done according 
to specifications and code, and then pro- 
ceeds to test the system. His testing 
primarily consists of checking for leaks 
and checking the unit for safety. He 
does this by building up the required 
pressures in the high and low sides of 
the system. These pressures vary with 
the kind of refrigerant used in the 
system. If no leaks are indicated atthe 
pressures established, the inspector 
sometimes checks the system further by 
producing a vacuum on all of the 
systems and if this vacuum is main- 
tained over a certain period of time the 
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installation is approved. These code 
regulations have eliminated many 
troublesome features inthe installation 
work. Most of the larger refrigeration 
companies followed these methods long 
before they were required by law be- 
cause code rules are only a statement 
of good safe practice which insures 
satisfactory operation of the installa- 
tion. Experience has shown that code 
installations are good business prac- 
tice. 

After the system has been approved, 
the installation man should always 
make a record of the running behavior 


20-11. 


A recording pressure gauge. 
(Electric Auto-lite Co.) 


of the unit for at least 24 hours. Figure 
20-11 illustrates a pressure recorder, 
making a 24 hour record of the low 
side pressures of the installation. Any 
variations in the cycles will quickly 
reveal needed adjustments. 


20-21. SERVICING COMMERCIAL 


UNITS 


Commercial refrigerating units are 
available in a great variety of forms. 
Chapters 18 and 19 describe in detail 
the design, construction and operation 
of these units. 

The small units such as self con- 
tained beverage coolers of hermetic 
design are serviced in the same man- 
ner as the domestic systems. The 
details are given in Chapter 17. 


Many of the commercial systems 
are self-contained but use the conven- 
tional system with motors, belts, and 
compressors. The servicing of these 
small conventional systems is des- 
cribed in Chapter 11. 

The service shop procedures ex- 
plained in Chapter 12 are useful for 
both domestic and commercial refrig- 
eration. 

The servicing of the larger com- 
mercial systems is controlled in most 
communities by the Local Refrigera- 
tion Code. Any major repairs or 
changes to a commercial system can 
only be done by licensed contractors 
and the service work done must be 
checked by the refrigerationinspector, 

The plumbing and electrical service 
work should be sub-contracted to li- 
censed plumbers and electrical con- 
tractors. 


20-22. SERVICING CONDENSING 
UNITS 


Condensing units come under sever- 
al divisions - water-cooled and air- 
cooled - and involve the compressor, 
the condenser, liquid receiver, the 
various motor controls, and water 
valves, The compressor itself may be 
tested for efficiency as described in 
Chapter 11, but such things as ‘‘lack of 
refrigerant’’ present new problems. 

An air-cooled condenser gives the 
Same symptoms when there is a lack 
of refrigerant as those explained in 
Chapter 11, but the water-cooled type 
presents a different problem. Because 
of similar variations throughout the 
mechanism, the study is divided into 
individual parts of the condensing unit. 

The condensing unit should be clean- 
ed externally as thoroughly as possible, 
using rags and a non-flammable clean- 
ing fluid. The belts should be checked 
for alignment and tautness, 

If there is any decided pounding 
sound occurring regularly in the com- 
pressor, the customer should be in- 
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formed of this, and a recommendation 
made that the compressor be over- 
“hauled as soon as possible. 

The amount of refrigerant in the 
system should be veryarefully check- 
ed according to methods explained in 

_Chapter 19. The water flow should be 
so adjusted that the temperature rise 
is no more than 15 degrees as the 
water goes through the condenser. The 
motor control should be inspected to 
determine whether it trips freely and 
whether the points, if any, are clean. 
A fine small file is the only cleaning 
device recommended for these points. 


20-23. SERVICING COMPRESSOR 
i 


To test the compressor for effic- 
iency, the service man may use the 
following methods: 

l. Determine the vacuum that the 
compressor will develop by turning the 
suction service valve all the way in 
after installing a compound gauge inthe 
gauge opening. Record the highest vac- 
uum obtainable against the normal 
head pressure for the refrigerant being 
used, Also, record the time. If the com- 
pressor cannot produce a vacuum of 
greater than 20 inches of mercury 
against its normal head pressure, it 

Should be overhauled. After a vacuum 
has been drawn, the compressor should 
be stopped; ifthe vacuumdrops rapidly, 

| it means that either the exhaust valves 
in the compressor are allowing the 
refrigerant to leak back intothe crank- 
case, or that the crankshaft seal is 

leaking. 

2. To determine ifthe exhaust valve 
is leaking, turn the discharge service 
valve all the way in after installing the 
high pressure gauge in the gauge open- 
ing; then turn the compressor over 
very slowly by hand. If the exhaust 
| valve is leaking, the head pressure as 
| indicated by the high pressure gauge 
will go up and down as the compressor 
turns over, but if it is holding, the 


head pressure will increase to a cer- 
tain point where it will remain constant. 

3. To determine whether or not the 
crankshaft seal is leaking, close the 
Suction service valve, pump as high 
vacuum as possible on the crankcase 
of the compressor, and with the dis- 
charge service valve and suctionserv- 
ice valve turned all the way in, keep 
the compressor running. If thereisa 
low side leak, the head pressure will 
gradually increase with the running of 
the compressor, indicating that gas or 
air is being drawn in on the lowside of 
the compressor. 

4, An intake valve leak is indicated 
by the inability of the compressor to 


a 


20-12. A universal type flywheel puller. 
(Duro Metal Products Co.) 


produce a high vacuum, but whatever 
vacuum is produced is maintained after 
the compressor is shut off provided the 
exhaust valve is holding. 

If the compressor must be removed 
for overhaul, the handling of the com- 
pressor because of its weight presents 
a difficult problem. The serviceman 
should avoid straining himself by as- 
suming any awkward position when lift- 
ing the compressor. He should be 
careful not to slip on oil or loose 
tools. Carts, small hydraulic hoists, 
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etc., are available that should be used 
to move heavy compressors. 

If possible remove the flywheel, 
before moving the compressor as any 
undue strain on the flywheel may injure 
the crankshaft, and/or the crankshaft 
seal. The flywheel can be easily re- 
moved by using a universal flywheel 
puller and by supplying heat to the 
flywheel hub as the wheel puller is 
drawn up snugly, Fig. 20-12. 

When installing the compressor, 
the condensing unit base should be 
cleaned. All the hold down bolts should 
be used, and the bolts should be tighten- 
ed evenly. The compressor and motor 
must be carefully aligned. The shaft 
must be parallel and the flywheel and 
the pulley must be in line. If one has 
difficulty installing the hold down bolts, 
masking tape may be used to hold them 
temporarily, or string may be used to 
pull the bolts into position. A universal 
socket is handy for holding bolts that 
seem inaccessible. New gaskets should 
always be used when mounting service 
valves. 


20-24. SERVICING CONDENSER 


The troubles encountered in com- 
mercial condensers vary with the type 
of condenser used. However, air in the 
system, too much refrigerant, not 
enough refrigerant, too much oil ora 
corroded interior are common to all 
types. 

Whether the condenser is air or 
water-cooled, too much refrigerant, 
too much oil, or a corroded interior of 
the condenser will produce an excessive 
head pressure. Air in the system will 
also produce this condition. Remember 
that the purpose of the condenser is to 
remove heat. The condenser will failto 
do its job if the heat transfer surfaces 
are inefficient, or if the heat removing 
medium (air or water) is not in the 
correct volume or temperature. 


To determine what is responsible 
for a poor condensing condition, one 
should proceed as follows: Install the 
gauge manifold, see Paragraph 11-5, 
and determine the head pressure. Com- 
pare this pressure with what the pres- 
sure should be. 


20-25. SERVICING AIR-COOLED 
CONDENSERS 


The correct pressure may be deter- 
mined by adding 30 F. to 35 F. to the 
room temperature, ifitisanair-cooled 
condenser, to obtain the refrigerant 
temperature on the interior of the con- 
denser. Using this corrected tem- 
perature, refer to the refrigerant 
charts, Chapter 8, for the correct head 
pressure. 


20-26. SERVICING WATER COOLED 
CONDENSERS 


If the unit is water-cooled, add 20 F. 
to 25 F. to the temperature of the water 
just as it is leaving the condenser to 
obtain the refrigerant temperature. The 
correct head pressure is then obtained 
from the refrigerant chart. The unit 
must be running for these conditions to 
hold true. 

If the head pressure exceeds this 
value by more than 5 pounds, purge the 
system through the discharge service 
valve gauge opening for 10 to 15 
seconds; then run the condensing unit 
again. To determine whether or notthe 
trouble is excess refrigerant, or airin 
the system, stop the unit and purge as 
before for 15 to 20 seconds. If the 
pressure drops somewhat, it is air in 
the system. 

If the pressure does not drop, 
continue to purge the unit until that part 
of the condenser and liquid receiver 
which is full of liquid refrigerant, 
becomes cold. Some condensing units 
have small valves, that can be used to 


488 


COMMERCIAL INSTALLATION, SERVICING 


check liquid levels. A liquid level 
Sight glass is also available. It can be 
connected to the top and bottom of the 
receiver. When the“ pressures are 
equalized the liquid level inthe sight 
glass will be the same “as ‘that in the 
receiver, This will quickly reveal the 
level of the refrigerantinthe condenser 
and liquid receiver, and one may easily 
judge whether or not this is the correct 
amount. An excess amount of oil ina 
system is indicated by the erratic 
refrigeration obtained, and a continuous 
slugging or pumping of oil in the com- 
pressor, especially just as it starts 
after an off-part of the cycle. 

] A corroded condenser is determined 
by noting the liquid line temperatures 
| of the refrigerant. Incase the amount of 
refrigerant is correct, and if the other 
‘troubles just mentioned are not pre- 
‘valent in the system, a corroded con- 
denser will produce a hot liquid line 
in an air-cooled system; also in a 
water-cooled condenser, it will produce 
a temperature in the condenser con- 
siderably above that to be expected. If 
all other possible causes of excessive 
head pressure are eliminated according 
to the above methods, a badly corroded 
[condenser is probably the cause. Scale 
imay be removed from some water- 
‘cooled condensers by using a power 
driven wire brush, Fig. 20-13. 


120-27. SERVICING EVAPORATIVE 
| CONDENSERS 


Evaporative condensers and cooling 
[towers are subject to deposits from the 
cooling water. These deposits must be 
removed periodically or they will act 
‘as coil insulation. The deposits can be 

reduced materially by using water 
softener chemicals in the water. Such 
chemicals can be obtained from any 
wholesale supply company. If deposits 
‘have formed, they can be removed by 
Scraping or by using a weak acid 
solution, followed by a soda solution 


rinse and wash. Water-cooled con- 
densers should not be placed in a 
location which may be subjected to 
freezing temperatures. 

In the event a water-cooled con- 
densing unit is to be shut down and 
perhaps subjected to below freezing 
temperatures, the condenser coils 
must be completely emptied of water. 
This may be done by blowing out the 
coils with air. 


20-28. SERVICING WATER VALVES 


Water-cooled condensers require 
attention frequently because of incor- 
rect water flow. This trouble is some- 
times due to the water valve or the 
screen, See Chapter 19 for details of 
construction of these valves. 


20-13. A tube within a tube condenser being cleaned 
by using a power driven wire brush. 
(Halstead & Mitchell) 


The main purpose of the water valve 
is to provide water when the unit is 
running and to stop the water flow when 
the unit is idle. Some of the troubles 
caused by the water valves are: 

1. Too little water flow. 

2. Too much water flow. 

3. Water fiow does not stop when 

the unit is idle. 

A water control valve will only 
operate correctly if the installation is 
correctly made and ifthe wateris clean. 


20-29. RESTRICTED WATER FLOW 


Common troubles encountered with 
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water valves if the water flow is too 
little are as follows: 

1. A leaky valve 

2. A clogged screen 

3. A chattering valve 

4, The adjustment of the valve turn- 

ed out too far 

5. A sediment-bound valve 

6. A leaky bellows 

In addition to these troubles, the 
water-cooling system may present the 
following difficulties: Many of the 
water-cooled systems use a 2-foot 
length of rubber hose connected be- 
tween the water pipe running along the 
wall and the condensing unit water lines 
in order to eliminate transmitting the 
condenser vibration into the plumbing 
system of the building, and also to 
eliminate breakage of tubes from this 
vibration. The cold water inlet hose 
connection presents no difficulties and 
this hose will ordinarily give many 
years of service. However, as the water 
circulates through the condenser and 
cylinder head of the compressor, it 
sometimes becomes quite warm. This 
warm water, as it passes through the 
outlet hose connection, tends to deter- 
iorate the inner rubber of the hose, 
resulting in a blistering of its inner 
wall. This will eventually clog the 
hose and restrict or stop the flow of 
water through the condenser, 

Occasionally, someone may partial- 
ly or completely shut off the water 
supply by closing the hand-operated 
valve installed in the system. The two 
most common complaints which in- 
dicate troubles with the water circula- 
tion are a lack of cooling in the con- 
densing unit and too great a consump- 
tion of water. If the water circulation 
is stopped, the refrigerating system 
will start to short cycle, due to the 
functioning of the high pressure switch 
since these systems are always pro- 
vided with a high pressure safety 
motor control for this purpose. As the 
head pressure of the machine builds up 


due to a lack of cooling, pressure is 
soon reached at which this control will 
open a switch stopping the motor. As 
soon as the motor is stopped, the head 
pressure drops rapidly, permitting the 
high pressure control to turnthe motor 
on again. This short cycling will con- 
tinue indefinitely unless the trouble is 
remedied, Such a condition is a severe 
strain on the motor and will not give 
satisfactory refrigeration. 


20-30. TOO GREAT A WATER FLOW 


Too much water flow will give very 
satisfactory refrigeration, but the 
amount of water consumed will be in 
excess of that needed and greatly in- 
crease the cost of operation. Three 
things which may cause too great a 
water flow are: 

1. Too high a water pressure 

2. A leaky water valve 

3. A water valve out of adjustment 

in such a way as to hold a valve 
too far open 

The condition of too high water 
pressure is seldom encountered unless 
the water supply pressure is uncontrol- 
led. If encountered in one machine, it 
will perhaps be true for all the mach- 
ines in that locality. 

To determine whether the condition 
is due to a leaky valve or to a valve 
open too far, ask questions of the 
proprietor as to whether anyone has 
been working on the machine. If the 
machine has not been tampered with, 
and the trouble has just startedto make 
itself evident, the trouble is usually a 
leaky water valve. This willbe indicat- 
ed by a continuous flow of water on the 
off cycle. Quite often a leaky water 
valve may be due to foreign matter 
lodging between the valve and valve 
seat. One can usually dislodge this 
material by flushing the valve. This 
flushing may be done by uSing a screw 
driver to pry the valve open several 
times. 
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20-31. TRACING WATER CIRCUIT 
q TROUBLES 


The principal problem is to deter- 
mine whether the water valve. iS causing 
trouble, or if it is caused by some other 
part of the water circulating system. To 
locate the exact source of the trouble, 
one may disconnect the joints where 
the hose is fastened to the rest of the 
system. By disconnecting the exhaust 
water hose from the machine unit, one 
can readily determine whether the 
water is flowing as far as this point. If 
the water is coming as far as this 
point, the connection should be resealed 
and the other end of the hose dis- 
connected from the wall pipe. If the 
water does not flow up to this point, the 
rouble is probably in the exhaust 
rubber hose of the system. If the water 
does not flow up to this hose, one 
hould determine whether the water is 
coming as far as the water valve by 
disconnecting the rubber hose used as 
the inlet connection. If the water flows 
through the hose, the sources of trouble 
are the water valve and the condenser 
proper. To check these sources, reseal 
the inlet rubber hose from the system 
and disconnect the watervalve from the 
condenser, If the water flows through 
the water valve, but does not gothrough 
the condenser, the trouble is a major 
one necessitating a replacement or 
cleaning of the condenser water tubes. 
However, if the water does not flow 
through the water valve, it must be 
disconnected from the system and re- 
paired or replaced. 

Water hammer (a very noisy con- 
dition) can usually be eliminated by 
putting a short vertical pipe into the 
water line just ahead of the water 
valve. 


20-32. REMOVING WATER VALVE 


i To remove anelectrical watervalve 
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from the system, one must open the 
hand switch that controls the circuit to 
the motor and remove the water valve 
wires from the motor circuit. Since 
these wires are usually soldered and 
taped, it will be necessary to cutthem. 
Before disconnecting the water valve 
from the water system, the water supply 
must be shut off atthe hand valve. If the 
serviceman does not have a replace- 
ment valve on hand, the water system 
may be temporarily connected without 
a water valve and the water flow 
regulated with the hand shut-off valve. 

Some pressure operated water 
valves are difficult to remove from the 
system because the valve is connected 
to the high pressure side of the con- 
densing unit. The pressure tube for 
these valves is usually connected into 
the cylinder head of the compressor, 
although some manufacturers connect 
this tube into the liquid line of the unit. 
A hand shut-off valve for this tube is 
sometimes provided, and if so, the 
removing of the valve is very simple. 
In case the tube is connected to the 
cylinder head of the compressor, the 
following is the procedure to remove it: 


1. Install the gauge manifold. 

2, Turn the suction service valve 

all the way in. 

3. In case the refrigerant is methyl 

chloride, Freon -12, or Freon 
-22, run the compressor until the 
pressure in the crankcase re- 
gisters 0 psi. If the system uses 
sulphur dioxide, one must evac- 
uate the crankcase and then bal- 
ance the pressure by cracking 
the suction service valve. 

Note: Be very careful of oil pump- 
ing which sometimes will occur before 
the pressure of 0 psi can be reached 
with Freon -12, Freon -22 or methyl 
chloride. This oil pumping usually 
occurs when a sulphur dioxide unit is 
evacuated to a 10-inch or 12-inch 
vacuum. 
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4, Heat the water valve line andthe 


10. 
OE 


water valve bellows very care- 
fully with a torch for three or 
four minutes until both of these 
become quite warm to the hand. 
This operation will drive the 
liquid refrigerant, whieh has 
condensed in this tube and valve, 
back into the condensing unit, 
leaving only a small quantity of 
high pressure gas in this tube. 


. Turn the discharge service valve 


all the way in. 
Clean the joints to be opened. 


. Disconnect the pressure tube 


from the water valve. 
Plug the refrigerant pressure 
tubing openings immediately. 


. Heat the water valve again very 


gently, especially if it is a sul- 
phur dioxide system, for often a 
quantity of liquid refrigerant be- 
comes oil bound within this bel- 
lows chamber, and releases with 
explosive force a few minutes 
after the valve is opened to the 
atmosphere. Note: Be very 
careful not to point these re- 
frigerant openings toward anyone 
because of the danger of being hit 
by the refrigerant. 


Shut off the water supply. 
Disconnect the water valve from 
the water line and replace it 
with a good one or connect the 
water lines directly. The water 
valve is now ready to be dis- 
mantled and repaired. 


Some water valves are designed to 
permit the removal of the valve body 
without disturbing the refrigerant con- 
nections (bellows, etc.). To disconnect 
one of these valves, simply shut off the 
water, disconnect the valve body from 
the water lines and bellows body. 


20-33. REPAIRING WATER VALVE 


To completely overhaul a water 
valve, in addition to cleaning it, which 
may best be done with wire brushes, 
the valve and valve seat must be re- 
paired. The valve seat, which is made 
of brass in most cases, may be lapped 
in a manner similar to lapping a com- 
pressor valve seat. 

The valve proper usually consists 
of fiber, rubber, or Bakelite material 
and it should be replaced with a new 
part. In cases of emergency, however, 
this valve may be trued up by using a 
fine grade of sandpaper backed up by a 
level surface. 

Occasionally, where the valve ac- 
tuating stem passes into the valve body 
proper, a packing gland is used to seal 
the joint. This packing is the typical 
asbestos, graphite, and lead packing. 
If the packing nut has been turned all 
the way down, the packing should be 
replaced. 


20-34. ADJUSTING WATER VALVE 


After cleaning and repairing a water 
valve, it should be tested and adjusted 
before being replaced in service. Ifthe 


Vater In Temperature F 


Refrigerant 
O 23 60 


Sulphur dioxide. 26.5 30 
Methyl chloride. 47 52 57 


Preconel ARTERIE 56 62 68 
Amori a 6 oo aaa 6c 98 108 119 
MENS O25 sc avace 95 TOY, ILS 


Hd E 4A 
es 70 76 


6 J0 75 SO o> 90 2 100 


Aa 53 G e m y 
G2 B9 9G 103: MI 


Th S0 E7 Os Wr 16 117 125 
130, 140.5 152 es L77 ls 20> 220 
1237133 M 155 156 160 IV 206 


20-14. A table of water valve pressure settings. 
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maximum temperature of the water 
supply is 75 F. the valve should be 
adjusted to open at the following pres- 
sures: 48 pounds per square inch for 
sulphur dioxide; 76 “psi for methyl 
chloride; 87 psi for Freon -12; 144 psi 
for Freon -22; 152 psi for ammonia. 

If the water-in temperature is dif- 
ferent from this, one may adjust the 
valve to its correct opening pressure 
using the following rules: for every 54 
degrees change in water temperature, 
change the opening pressure of the 


valve 6 psi for sulphur dioxide, 5 psi 


for methyl chloride, 7 psi for Freon 
-12, 11 psi for Freon -22 and 12 psi 
for ammonia. For example, if the 
water temperature in the methyl chlor- 
ide system is 65 F, instead of 75, the 
opening pressure of the water valve 
should be lowered to 64 psi, Fig. 
20-14. 

A valve should also be tested for 
leaks at the same time that it is being 
adjusted. This may be done by con- 
necting an airpressure line to one of the 
water openings of the valve. Inorderto 
adjust and test the pressure operating 
bellows, which controls the water flow, 
connect another air line anda pressure 
gauge to this fitting. No air should flow 
through the water valve until the cor- 
rect control bellows pressure has been 
reached, Necessary adjustments may 
be made to obtain this condition. 


` 20-35. SERVICING LIQUID 


RECEIVER 


The liquid receivers used in most 
commercial systems serve as refrig- 
erant storage tanks and are usually 
constructed of a steel shell welded or 
brazed at the joints. 

The shell and tube liquid receiver, 
which has a water coil built into it, 
sometimes develops leaks. Because of 
corrosive action of the water and re- 
frigerant under certain conditions, the 
copper tubing which is usedtocarry the 


water eventually corrodes through; the 
resultant leak forces the refrigerant 
from the system into the cooling water. 
A leak of this kind is detected by the 
release of refrigerant at the water 
drain, Also, leaks occasionally occur at 
the joints where the water-cooling 
coil is attached to the liquid receiver 
and may be due toabuse ortocorrosive 
action. In such a case, the condenser 
should be replaced with a new one. 

If new parts are not obtainable for 
the machine, a fairly satisfactory re- 
pair may be madeas follows: The water 
tubing, if eaten through within the 
liquid receiver, must be removed. The 
liquid receiver should be mounted ona 
lathe and the end of the receiver cut 
open. This permits removing the old 
water coil and putting in anewone. The 
new one must have the same length of 
tubing as the one removed, or the 
capacity of the condenser will be 
changed materially. The new coil is 
usually made up by windingit onadrum 
mounted on a lathe. The tubing is then 
put in the liquid receiver and the 
joints are silver brazed. The end of the 
liquid receiver that was removed may 
now be replaced after the interior has 
been cleaned thoroughly. The joint may 
be either silver brazed or welded. 

All liquid receivers above acertain 
size must be equipped with safety 
release valves. The National Refrig- 
eration Code, Chapter 29, specifies 
the type, location, size, and piping for 
such relief valves, A receiver repair 
must be done under the sanction of 
Local inspectors. 


20-36. CHECKING REFRIGERANT 
CHARGE 


One of the most detrimental con- 
ditions which may occurina refrigera- 
ting system is to operate the refrigera- 
ting unit without sufficient refrigerant. 
It results in abuse to all of the valves 
in the unit and usually results in con- 
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tinuous motor operation. Several 
methods may be used to indicate 
whether or not a refrigerator has an 
adequate supply of refrigerant. 

In a low side float system the lack 
of refrigerant usually shows up at the 
most remote coil, or the coil which is 
the greatest vertical distance from the 
liquid receiver. If the refrigerant is 
low, this coil will not have enough 
liquid refrigerant in it to close the 
float valve. As a result the coil will 
make a continuous hissing sound wnile 
the refrigerant gas flows through it. 
This condition will be accompanied by 
a warm liquid line which will be several 
degrees warmer than the suction line. 
This may be easily checked by feeling 
the two lines where they are attached 
to the coil. 

A dry or expansion valve system 
is much more difficult to check for 
quantity of refrigerant, The first in- 
dication of insufficient refrigerant may 
be obtained from the appearance of the 
expansion valve body. Under normal 
conditions the body of the valve frosts 
over evenly as far back as the liquid 
line nut. In case the system has in- 
sufficient refrigerant, the expansion 
valve body adjacent to the liquid line 
will not frost. This frost method cannot 
be used for above freezing coil opera- 
ting conditions. 

A common method of checking for 
quantity of refrigerant is to check the 
quantity actually in the liquid receiver 
and condenser. One way to do this isto 
determine the high side head pressure. 

If the unit is air-cooled, the head 
pressure for the system should corres- 
pond to refrigerant temperatures 30F., 
to 35 F. higher than the room tem- 
perature while the unit is running. 

If the unit is water-cooled, the head 
pressure should correspond to refrig- 
erant temperatures approximately 10 
F. higher than the temperature of the 
water leaving the condenser. The tem- 
perature of the water in this case 


= C 


should be checked at the point where it 
leaves the condenser and not at the end 
of a long drain pipe. If the head pres- 
sure, as indicated on the gauge, is 
below normal as much as 10 psi it 
indicates a lack of refrigerant. 

A popular method to check for re- 
frigerant quantity is to mount a glass 
sight gauge in the liquid line and note 
if there are any gas bubbles going up 
the liquid line. Bubbles indicate in- 
sufficient refrigerant, Fig. 20-15. A 
head pressure of 65 psi or more must 
be used because at low head pressure 
bubbles may appear regardless of the 
amount of refrigerant in the system. If 
no bubbles appear in the sight gauge at 
the above pressures, the machine has 
sufficient refrigerant. If there is a 
restriction in the line ahead of the 
sight gauge bubbles may appear even 
though there is sufficient refrigerant 
in the system. If possible, the sight 
glass should be mounted between the 
receiver and the dehydrator. 

Some machines are equipped with 
refrigerant liquid level indicators such 
as pet cocks mounted in the side of the 
liquid receiver at definite heights. If 
the pet cock is opened and liquid re- 
frigerant comes out, the level of the 
refrigerant is at least up tothis height. 
Two pet cocks are usually provided. 
Gas should come from the top one, 
while liquid refrigerant should come 
from the lower one, when opened. 

The Frigidaire Corp. has designed 
a liquid level detector which is in use 
in this company’s commercial high 
pressure sides of 1/3 H.P. and over. 
A float to which is attached a per- 
manent magnet is placed in the liquid 
receiver. A well is built into the wall 
of the liquid receiver in which a gauge 
may be inserted by the service man. 
The permanent magnet, attached to the 
float on the inside of the receiver, 
operates the gauge needle to indicate 
the corresponding level of the refrig- 
erant. The gauge is usually calibrated 
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| by gauge readings of 1/4, 1/2, and 3/4 
wfull, etc. 

Some companies use a glass sight 
gauge attached to the liquid receiverto 
indicate the liquid refrigerafit level. 

In the liquid receiver type of water- 
cooled unit in which the watercoils are 
located within the receiver, the amount 
of refrigerant within the system may 
be checked by determining the tem- 
perature differences of the receiver. 
The division point between the part of 
the tank filled with hot gas and the part 
filled with cold refrigerant will be 
indicated by a temperature difference 
which may be easily found by feeling of 
the tank with the hand. 


20-15. A sight glass for mounting in a liquid line. 
(Mueller Brass Co.) 


Another method of determining the 
quantity of liquid refrigerant in the 
liquid receiver consists of turning off 
the cooling water to the condenser, 
allowing the compressor to operate. If 
the liquid line warms up quickly it is 

< an indication of insufficient refrigerant. 
Also it may be noted in this connection 
that the head pressure rises after the 
' water is shut off. If the compressor is 
now stopped and the head pressure 
‘drops rapidly, it is another indication 
| of a small amount of liquid refrigerant 


in the liquid receiver. 

i Still another method of checking for 

the quantity of liquid refrigerant con- 
Sists of shutting the machine down and 

purging the liquid receiver. The boiling 

i of the refrigerant inthe liquid receiver, 


when the pressure is reduced, will 
cause the part of the receiver that is 
filled with liquid to get very cold and 
frost over. This method is rather 
expensive and should only be used as a 
last resort for it wastes considerable 
refrigerant. 

Lack of refrigerant must be due to 
a leak of some kind in the equipment. 
A very careful check should be made of 
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20-16. An electronic leak detector being used to check 
a self-contained water cooler. 
(General Electric Co.) 


all joints and parts that could possibly 
leak before the unit is recharged and 
put into service. The most sensitive 
leak detector is the electronic type 
shown in Fig. 20-16. 


20-37. CHARGING A COMMERCIAL 
SYSTEM 


Charging commercial systems is 
very similar to charging domestic 
machines by charging into the low side. 
To charge a commercial system the 
storage cylinder should be attached to 
the gauge manifold. 

The charging lines must be clean, 
the lines must be purged to rid them of 
air and the connections tested for leaks 
prior to the actual charging operation. 
Remember toalways wear goggles when 
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transferring refrigerants. 

The principle of operation is to 
allow the service cylinder to become a 
temporary cooling coil in the system. 
As the compressor runs, it will remove 
gas refrigerant from the cylinder as 
well as continuing to remove gas from 
the cooling coils. 

The charging can be speeded by 
using the suction service valve to 
reduce the flow from the regular cool- 
ing coils and speed the evaporation in 
the service cylinder. Hot water may be 
applied to the service cylinder to help 
speed the evaporation. The low side 
pressure should be kept at normal 
levels as too high pressure will over- 
work the compressor and too lowpres- 
sures may cause Oil pumping. 
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siderable damage. However, this sys- 
tem can be used to put the initial 
charge into a system if done very care- 
fully. If one inverts acylinder and it has 
a higher pressure than in the system, 
liquid refrigerant will be forced into 
the system. 

If the unit is water-cooled, the 
pressure in the liquid receiver with the 
water flowing wili be sufficiently below 
that of the pressure in the cylinder to 
permit opening of the two valves after ı 
the charging line has been purged. The 
pressure difference will force refrig-~ 
erant from thecylinderintothesystem. . 
If the unit is air-cooled, the pressure 
in the refrigerant drum wiil have to 
be increased, This may be done by using 
the compressor to pump gaseous re- 


Sulphur Dioxide Methyl Chloride Freon-l2 Freon-22 
Flooded Dry Flooded Dry Flooded Dry Flooded Dry 
1/2 HP 5 2 1/2 3 L 1/2 3 Ly 2 1 1/2 
J lo JE ewa 10 5 6 2 © 3 6 3 
L 1/2 m Poumie 15 ? 1/2 9 ye 9 41/2 9 21/2 
2 bl Pawo 20 10 12 6 eS) 12 6 


20-17. A table of approximate amounts of refrigerant which may be safely added to a system which is low on 


refrigerant. 


This system insures clean refrig- 
erant due to the distilling action during 
evaporation of the refrigerant. Aserv- 
ice man must be present during the 
charging. A service cylinder must not 


be left connected into a system. 
It is very 


pressible and the compressor valves, 


and even the bearings and rods may be 
ruined if the compressor should pump 


liquid. 
Although it is not recommended, 


some service men do put liquid re- 
frigerant into the high pressure side 


of the system. This is a dangerous 
practice because dynamic hydraulic 


pressures are possible that may rup- 
and cause cone 


ture the lines, etc., 


important that liquid 
refrigerant not be allowed to reach the 
compressor. The liquid is not com- 


frigerant into the drum and increase | 
its pressure, In detail this method is _, 
as follows: , 


1. Connect the refrigerant cylinder | 
to the gauge manifold. , 

2. Run the compressor with the | 
discharge service valve turned . 
all the way in until a pressure of | 
125 to 135 pounds is built up in 
the cylinder. 

3. Stop the compressor. 

4, Invert the refrigerant drum (be 
careful not to injure the line), 

5. Turn the discharge service valve ; 


part way out. 
The high pressure on the surface of 
the refrigerant in the drum wiil force 
the liquid into the system. While the ı 
liquid is flowing into the high side, a 
gurgling sound may be heard. If this 
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sound ceases abruptly, it means that 
the cylinder has been emptied. Use this 
method only if ‘all the refrigerant has 
been removed from~sthe system. The 
amount of refrigerant“to be put into a 
system that is being serviced for lack 
of sufficient refrigerant must be 
governed by the service man’s know- 
ledge concerning the size of the system, 
the apparent amount of refrigerant in 
the system, and the kind of refrigerant 
used. See Figure 20-17. 


GROUND LEVEL 


20-18. A method of disposing of used refrigerant and 
used refrigerant oil. 


20-38. DISCHARGING SYSTEM 


Whenever it is necessary to dis- 
charge asystem for repair purposes the 
refrigerant, if not in excessive quan- 
should be discarded, using the 
method of purging it out of the nearest 


window by means of 1/4-in. copper 


line. Place an oil trap in the line to 
make sure that the oil in the refriger- 
ant will not harm any surrounding 
property. 

This method cannot be used for 
ammonia or sulphur dioxide because of 
the odors. Most localities forbid purg- 
ing refrigerant into a sewer system. 
Small quantities of sulphur dioxide 
may be neutralized with lye. If the re- 


frigerant is to be put back into the 


Same machine, or if facilities are 
available for distilling it, it may be 
temporarily stored in a clean refrig- 
erant drum. One must remember that 
this refrigerant will always have anoil 
charge. Some large companies save all 


refrigerant, redistill, and process it for 
further use. This amounts to a con- 
siderable saving when great quantities 
of refrigerant are used. See Paragraph 
12-25 for methods of distilling re- 
frigerant. 

To get rid of refrigerants that have 
been removed from asystem by storing 
in a service cylinder, it is possible to 
purge the refrigerant into perforated 
containers buried in the ground. The 
ground absorbs the oil and refrigerant 
in great quantity and seemingly without 
any ill effect, Figure 20-18. 


20-39. SERVICING LIQUID LINE 


The liquid line tontains several 
important items needed to be checked 
by the service man, including: 

1..The size of the liquid line. 

The hand shut-off valves. 
The liquid sight glass. 
The screen or filter. 

The dryer or dehydrator. 
The vibration absorber. 

. The connections. 

When diagnosing the troubles of a 
system, the service man’s first pro- 
blem is to determine if the various 
parts of the system are of sufficient 
capacity. It is important that the liquid 
line be as large as the condensing unit 
liquid receiver valve connections. 
Check to be sure that reducer fittings 
have not been used. Alsosee Paragraph 
19-54 for recommended liquid line 
sizes. A sight glass should be installed 
in the liquid line prior to the mounting 
of the filter screens, and dehydrators. 

A special precaution that all service 
men must remember is to always have 
at least one end of a liquid line open 
when servicing the unit, otherwise a 
temperature rise will create very high 
hydrostatic pressures and this pres- 
sure may burst the line. One should be 
especially careful if a solenoid valve 
or a clogged screen or dehydrator is 
in the line. 
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When admitting liquid refrigerant 
into a liquid line by opening the liquid 
receiver service valve, always open 
the valve very slowly or the sudden 
rush of liquid may injure the screen 
and may pack the desiccant in the 
dryer so firmly that it will soon clog. 


20-40. SERVICING CLOGGED 
SCREENS 


One trouble some times found in 
multiple systems is the clogging of the 
screens located at each individual coil. 
These screens are located in the inlet 
to the refrigerant control. One low side 
float construction has the liquid line 
valve bolted on the header, and the 
screen is inserted in a little pocket 
between the liquid line service valve 
and the header. If a service call is 
made and it is found that all cooling 
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20-19. A low side float mechanism showing the location 
of the screen. 
(Kelvinator Div., American Motor Corp.) 


coils except one connected toa multiple 
system are operating satisfactorily, 
and this one coil is not giving any re- 
frigeration whatsoever, the trouble 
may be due to one of three things, 
either the needle is stuck closed, the 
screen is clogged, or the float is com- 
pletely oil bound. The following service 
procedure is recommended: 

A completely oil bound float maybe 
detected by rocking the cooling coil; 
the needle will open momentarily during 
this procedure, If it is a stuck shut 


needle, the orifice may be broken open 
by tapping the header lightly. If neither 
of these methods determine the trouble, 
it is probable that a clogged screen is 
the cause of the trouble, Figure 20-19. 
In some multiple low side float sys- 
tems, one must turn the liquid line 
service valve all the way in after 
loosening the packing nut. Then deter- 
mine if the low side pressure is near 
atmospheric by putting a compound 
gauge on the condensing unit. If the 
pressure is near atmospheric the cool- 
ing coil is usually evacuated before the 
service man arrives on the premises. 


This will be indicated by a warm 
cooling coil. Close the suction line 
valve and, after cleaning and drying the 
joint between the liquid line service 
valve and the header, this valve may be 
unbolted. When the connection (a gas- 
keted one ) is opened, a little liquid 
refrigerant may escape, but if sulphur 
dioxide refrigerant is used it may be 
readily neutralized with ammonia 
fumes. The screen is located at this 
point and is easily accessible to be 
replaced or to be cleaned. The re- 
commended service practice is to carry 
several replacement screens and re- 
place the clogged screen with a new 
one, 

The screen in some low side floats 
is soldered into a fitting which in turn 
is mounted between the liquid line and 
the liquid line service valve. To re- 
move this screen, the following pro- 
cedure may be used. Since the screen 
is clogged, the refrigerant in the liquid 
line cannot be removed by evacuating 
it; but it may be removed by heating 
the liquid line. It is dangerous to 
overheat the line as it may decompose 
the oil and refrigerant in the line. 
Always heat only hot enough for the 
line to be slightly uncomfortable to the 
hand. This heating should continue from 
the coil to the nearest shut-off valve 
back along the liquid line. The valve on 
the cooling coil header should be closed 
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during this heating. This heating will 
drive the high pressure liquid refrig- 
erant back into the main liquid line, 
leaving only gas. Shut off the valve 
located at the junction of these two 
lines. Now disconnect the liquid line 
nut from the liquid line valve on the 
coil header, after cleaning and drying it. 
As the liquid line is disconnected 
from this fitting there will be a surge 
of high pressure gas out of this line; 
but this cannot be helped unless a very 
tedious program of removing all the 
refrigerant from the complete liquid 
line system is followed. The screen 
fitting may now be removed from the 
valve and cleaned or replaced. 

Upon assembling the coil after re- 
pairing the trouble, proceed as follows: 
Open the two liquid line valves after 
the unit has been assembled and then 
carefully test for leaks, When starting 
a coil in this case, the service man 
should always wait until he hears the 
float valve stop the flow of refrigerant. 
This policy will save many call-backs 
in case the needle is leaky. 

Some low side floats, when opened 
to remove a screen, permit a slow 
seepage of air into the cooling coil 
through the needle orifice opening. This 
amount is negligible if the unit is 
assembled immediately. However, if 
the coil has been left open for a number 
of hours, the coil should be purged of 
air by loosening the suction service 


Í valve from the coil header and then 


1 


cracking the liquid line valve. The 
resultant surge of gas will remove 


most of the air from the coil. 


’ 


| 


Needless to say when reassembling 


the unit, a new gasket should be used 


and the two gasket surfaces should be 
perfectly clean and smooth, A scraper 
made from an old flat file is a good 
tool for removing the old gasket. If 
possible, the service man should put a 
little refrigerant oil on the new gasket 
before installing it. Never use other 
than Monel or extra heavy cadmium 


plated bolts and cap screws on cooling 
coils. Always test for leaks. 

The screens proper are best clean- 
ed in the repair shop. One excellent 
method to clean a screen is to heat it 
very carefully - electric plate - and 
then quench it in water. This treatment 
quickly loosens most of the dirt. A weak 
solution of hydrochloric acid and water 
also does a good job. Pour acid into 
the water, never water into acid. Be 
sure to rinse the screen. Wear goggles 
when doing this job to protect the eyes 
from splatter. Thermostatic expansion 
valve screens may be serviced in much 
the same way. 


Master screens located at the re- 
ceiver end of the liquid line are also 
serviced as stated. However, in some 
cases, the receiver must be discharged 
to permit removing the master screen. 


MOISTURE 
IN SYSTEM 


20-41. 


Many troubles in refrigerating sys- 
tems may be traced to the presence of 
moisture in the system. Moisture, 
as it circulates through the system 
in the presence of the oil and the 
refrigerant causes many complex ac- 
tions. 


Moisture in the presence of sulphur 
dioxide builds up an acid condition, 
which corrodes the compressor parts 
and quickly ruins the entire system, 

With some ofthe other refrigerants, 
the moisture combines with the re- 
frigerant to form slight acids which, 
although very slow acting, eventually 
are a source of trouble. With Freon 
-12, Freon -22, methyl chloride, iso- 
butane, Carrene -2, and some others, 
moisture in the system will freeze 
at the refrigerant control orifice, 
eventually clogging it. If immediate 
action is taken to remove all moisture 
or to make the moisture harmless, 
many troubles may be eliminated. 


499 


20-20. The T-Flo Drier. The refrigerant enters at the 
left, passes down through the middle tube and then 
upward toward the desiccant before leaving at the 


right. (Ansul Chemical Co.) 


20-42 DRIERS (DEHYDRATORS) 


Surveys show that about 80% of 
all service calls are either directly 
caused by, or, are traceable to mois- 
ture. Moisture in contact with refriger- 
ants forms acid which corrodes metal, 
initiates oil breakdown, and forms 
Sludge. These sludges plug driers, 
filters, screens, and small orifices 
such as capillary tubes. In addition, 
if the moisture is present in large 
enough quantities, it will form ice in 
capillary tubes and expansion valves, 
plugging them. 

There are a number of ways of 
removing moisture from refrigeration 
equipment. These include high vacuum, 
slow steady flow of hot dry air, and 
several moderate vacuums broken with 
dry refrigerant. The most common 
method, however, of removing moisture 
is with the use of a liquid line drier. 
If the drying material has sufficient 
capacity in both the high and low mois- 
ture ranges and is fully activated, itcan 
replace all of the foregoing methods. 
The conventional straight through drier 
consists of a tube, (brass, copper, or 
steel) filled with achemical (desiccant) 
which will remove moisture by absorp- 
tion (activated alumina, or silica gel) 
or absorption (calcium sulphate). Both 
ends of thè tube usually contain filter 
elements, and the end caps are fitted 
with either flare or soldered connec- 
tions. One design of liquid line drier 
allows the fitting to stay in the line and 
only the drier cartridge is changed. 
See Fig. 20-20. 


The most common desiccants(chem- 
icals in the drier shells) are Type H 
and Type F activated alumina, silica 
gel, and calcium sulfate.Calcium chlor- 
ide, once widely used, is no longer 
used in any quantity. 

Driers are usually installed in the 
liquid line. They may be installed in the 
suction line as atemporary installation 
to protect the compressor after a her- 
metic motor burn out, or after severe 
oil breakdown. Alsoincases of extreme 
space limitation, driers may be placed 
in the suction line. All of the common 
refrigerants can be successfully dried 
with the drier in either the liquid or 
suction line. 

Refrigeration equipment should be 
dried below 15 parts per million if 
"Freon-12" is used and below 25 ppm 
if 'Freon-22" is used. The beginning 
of corrosion in 'Freon-12" is 15 ppm. 
It is not known for "Freon-22," but 
experience shows that corrosion, oil 
breakdown, and motor burnouts are 
stopped if it is dried to, or below 25 
ppm. 

When cleaning a refrigeration sys- 
tem, there are four basic functions to 
be carried out -- water removal, acid 
removal, filtering out of circulating 
solids, and some means of indicating 
when the drying jobis complete. Driers 
will do the first three. A moisture indi- 
cator is required to do the fourth. 
Driers should be left permanently in the 
systems since oil dries out slowly, also 
cellulose insulation in hermetic com- 
pressors may release moisture over a 
long period of time. A drier is like a 
sponge, however, and can become sat- 
urated and leave the refrigerant still 
wet if the drier is too small. A mois- 
ture indicator is the only sure means 
of recognizing this situation, especially 
if it is an air conditioning application 
with no possibility of freeze-up. 


There are various moisture indica- 
tors available on the market. A liquid 
line moisture indicator (Ansul) turns 
pink when the system is dangerously 
wet and turns blue when it is safely 
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20-21. A drier equipped with a sight glass and two 
moisture indicators. The sight glass will reveal a shortage 
of refrigerant and will also show a moisture indication 
for either R-12, or R-22 refrigerant. 
(Ansul Chemical Co.) 


dry. The indicator is under a glass 
window in the top of the T connector. 
‘Figure 20-21. 

Another indicator (McIntire), turns 
purple or orange if dangerous amounts 
of moisture are present and greenif the 
refrigerant is dry. Figure 17-40. 

See Paragraph 17-22 for instruc- 
tions on drier sizes. 

Remember that ''Freon-22" driers 
must be three to five times as largeas 
for an equal quantity of ''Freon-12." 
Driers must be eight times as large for 
methyl chloride as for the same pound- 
age of "Freon-12.'' The greater the 
ability of a refrigerant to hold water, 
the larger the drier required. 

Another type of drier is shown in 
Figure 20-22. It has a bolted flange on 
one end to facilitate replacing the des- 
iccant core. The core is a hard cylin- 
der made of a desiccant with an inert 
binder. Since heat may injure the des- 
iccant, the core should be removed 


while the joints are being soldered. 


20-22. A large capacity dehydrator with one end re- 
movable to enable replacement of the desiccant. 
{Sporlan Valve Co.) 


Cartridge type driers are also avail- 
able. One end of the drieris removable 
and the ‘spent drier cartridge may be 
replaced. Figure 20-23. 

Liquid anti-freezes and so-called 
liquid dehydrants are available which 
eliminate freeze ups. These liquids 
either chemically combine with the 
water or actas an anti-freeze like alco- 
hol in an automobile radiator. Some 
manufacturers void their warranties if 
these liquids are used in their equip- 
ment. 

Only two things should be inside a 
refrigeration system. They are clean 
dry refrigerant and good dry oil. Asys- 
tem which is clean, dry, and acid-free 
will run indefinitely without corrosion, 
freeze-ups, oil breakdown or hermetic 
motor burn-outs. Insucha system there 
is nothing to filter and plugging is im- 
possible. A clean, dry, acid-free sys- 
tem will.remain factory bright and 
trouble free in operation. A normal sys- 
tem is a completely clean one. A dirty 
system is a faulty system and must be 
regarded as a mechanical failure, just 
as much as a faulty valve plate or con- 
necting rod. 

The best assurance that asystemis 
dry is to use and depend on a moisture 
indicator. 


20-23. A replaceable cartridge type dryer that has 

granular desiccant in a special cartridge. A. A replace- 

able cartridge type dryer. B. A replacement cartridge. 
(Henry Valve Co.) 


20-43. REFRIGERANT CONTROLS 


The installation, operation, and 
service of refrigerant controls incom- 
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mercial systems is much the same as 
described in Chapter 5. 

All types of refrigerant controls 
may be found in commercial systems. 
If the system is a self-contained open 
unit or a hermetic unit, it is serviced 
in a manner similar to that explained 
in Chapters 11 and 17. 

The multiple cooling coil installa- 
tions however, do have several other 
features with which a service man 
should be familiar. 


20-44. SERVICING DRY MULTIPLE 
COILS 


Dry multiple systems which use the 
thermostatic expansion valve refriger- 
ant control have troubles and the symp- 
toms for these troubles may be similar 
to the low side float troubles. The 
same difficulties of servicing are en- 
countered with these coils because of 
the number of coils connected to one 
condensing unit. 

The service man can check the 
individual coils by the appearance of 
the coil, by the sound, and by the 
temperature of the expansion valve. If 
the coil is frosting back so the suction 
line is frosted, it may be due to the 
following troubles; The needle may be 
leaking; the control may be adjusted for 
too high suction pressure; the power 
element may be attached loosely to the 
suction line, Fig. 20-24, the power 
element may be located in too warm a 
position; moisture may have condensed 
and frozen on the exterior of the bel- 
lows, keeping the needle open; dirt in 
the system may be holding the valve 
open. 

To determine which of these 
troubles is the one responsible for the 
faulty operation is a difficult task, and 
the best method is a process of elimin- 
ation. The location of the power element 
may be easily checked and its attach- 
ment to the suction line noted. It is re- 
commended that the thermostatic bulb 


be placed on top of the suction line 
rather than beside or below it in order 
that the liquid in the bulb will make 
good thermal contact with the suction 
line. A thermostatic control in which 
the adjustment has been tampered with 
is very rare and one may usually 
depend upon customers not trying to 
set them; therefore, one should not 
attempt to readjust the control at first, 
but rather to check for the other 
troubles. Leaky needles or out-of- 
adjustment valves cannot be repaired 
satisfactorily on the premises. 

The service man should remove a 
faulty expansion valve and replace it 
with one that is known to be in good 
condition. The troublesome valve may 
then be checked in the shop which 
should be equipped for this purpose and 
the trouble accurately determined. 

If it becomes necessary to dis- 
mantle a thermostatic expansion valve, 
the thermostatic element should be 
removed as a complete assembly and 
not taken apart. The thermostatic ele- 
ment is charged with refrigerant and 
the power element bellows is under 
considerable pressure at normal tem- 
peratures. In the assembled condition 


20-24. An illustration showing the location of thermo- 
static bulbs on suction lines to obtain best operation. 


this pressure is counteracted by 
springs or by expansion valve dia- 
phragm pressure. If dismantled and the 
power element is free to act the pres- 
sure may burst the power element or 
at least extend it so far that its 
accuracy is destroyed. If the thermo- 
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static bulb is placed in an ice and salt 
olution and its temperature brought 
low enough, the power element may 
then be safely dismantled. k 

A starved coil, that~is, one that is 
giving very poor cabinet temperatures 
and the coil itself is frosting very 
unevenly or not sweating properly, may 
be due to the following: 

1. A clogged screen in the expan- 
sion valve which may give no 
refrigeration 

2. A loss of refrigerant from the 
power element in the expansion 
valve will give erratic refrig- 
eration 

3. Moisture in the system which 
may periodically give good re- 
frigeration and then none, as the 
moisture will freeze in the ori- 
fice to the expansion valve and 
close it 

4, Wax in the valve. This wax is 
from the oil and its presence 
means that the oil used was for 
a different temperature range or 
was improperly prepared for 
refrigeration service 

5. A stuck-shut needle (although 
| this is a very rare occurrence). 

In case of expansion valve trouble 
it is recommended that a new valve be 
installed. A clogged screen may be 
_@asily detected. The repair is very 
simple. 

Removing an expansion valve which 
has a clogged screen necessitates re- 
moving both the liquid and gaseous 
| refrigerant from the lines to be opened. 
The liquid line may be carefully heated, 
driving the liquid refrigerant back to 
the nearest shut-off valve, and this 
valve then closed. The coil is already 
evacuated (indicated by a warm coil); 
after determining that the low side 
pressure is at atmospheric pressure or 
higher, the suction line valve may be 
closed. The screen may now be remov- 
‘ed after cleaning and drying the con- 
nections. 


Upon assembling the coil after a 
repair has been made, the air shouldbe 
removed by purging the coil through a 
loosened connection at the suction line 
shut-off valve. The purging may be 
performed by cracking the suction line 
valve and removing the air through the 
expansion valve low side fitting, if the 
low side pressure of the system is 10 
pounds per square inch or more. 

In multiple systems all dry coils 
using expansion valves should be in- 
Stalled with individual shut-off valves 
for both the liquid and suction lines to 
each coil, 

A condition which results introuble 
with thermostatic expansion valves is 
the attempt to adjust these valves inan 
effort to maintain too great a difference 
in temperatures in various boxes inthe 
system. This gives rise tovery erratic 
operation particularly inthe coils which 
are closed off the most. The remedy 
for this difficulty is touse inadditionto 
the thermostatic expansion valve, one 
or more two-temperature valves inthe 
suction line in appropriate places. 

The problem of balancing the pres- 
sures ina multiple dry coilinstallation 
is very similar to those explained in 
connection with removing a low side 
float, Paragraph 20-40, An important 


factor, inasmuch as most of these 
systems are Freon -12, is to dry 
thoroughly all connections before 


breaking them open. Frequently, the 
thermostatic expansion valve is attach- 
ed to the coil in sucha manner that this 
is difficult. It must be done by using a 
dry cloth or one saturated with alcohol 
in order to dry thoroughly and prevent 
future trouble due to moisture and dirt 
entering the system. 

Needless to say, as soon as the 
expansion valve is removed, the re- 
frigerant openings should be plugged 
with appropriate fittings. 

In multiple commercial installa- 
tions in which finned. coils are used, the 
expansion valve is usually attached to 
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the coil by means of an S.A.E. flared 
connection. The flare nut in such an 
installation must be shellacked, or 
sealed from moisture, after the in- 
stallation has been made and before 
the unit starts to operate; otherwise, 
ice will form between the nut and the 
tubing and in a short time will cause 
the tube to collapse or break, Fig. 20- 
25. 

Other methods have been devisedto 
prevent moisture from accumulating 
behind flare nuts. One method provides 
a rubber seal at the end ofthe flare nut 
and another method consists of drilling 
holes through the flare nut, the idea 
being that moisture will drain out andif 
ice does form it will release its pres- 
sure through the holes in the nut 
rather than against the tubing, Fig. 
20-26. As mentioned previously, the 
best sort of connection for use in the 
interior of the cabinets is a soldered 
flanged connection. Although soft sold- 
er is most popular, some manufactur- 
ers are recommending silver brazing 
for all such joints except for expansion 
valves as it is stronger and safer. 


20-25. An illustration of what happens when moisture 

freezes between the nut and tubing. A. Fitting; B. Flare 

nut and tubing; D. Ice Formation; E. Flare being pulled 
of place. 


20-45. SERVICING MULTIPLE 
FLOODED COILS 


The repair of flooded coil low side 
floats is similar to that of the single 
unit refrigerators discussedin Chapter 
11, but locating the trouble and dis- 


mantling and assembling of the unit 
differs somewhat from the single unit 
practice. Gauges cannot be used to in- 
vestigate individual coil troubles on 
multiple installations. Therefore, one 
must use ordinary observation to deter- 
mine the trouble. 

A continuous hissing sound in the 
cooling coil is always an indication of 
coil trouble and may be due to the 
following causes: (1) A leaky needle, 
(2) a lack of refrigerant, (3) a float out 
of calibration, (4) the cooling coil not 
being level, (5) a leaky float ball. 

The hissing sound is very distinctive 
if there is a lack of refrigerant and, in 
addition, the liquid line is considerably 
warmer than the suction line at the 


20-26. Showing a method of preventing ice accumula- 
tion between a flare nut and the tubing. 
(Remco Inc.) 


cooling coil. This may be determined 
by putting one’s hand over the two lines 


just as they are going into the cooling: 


coil, The temperature difference will 
be noted at once. The suction line, 


ee 


although cold, will never frost orsweat | 


if there is a lack of refrigerant. If the 
needle and seat are leaking, the hissing 
sound is not so distinctive and may be 
classified more as a gurgling sound. 
Also, the suction line will likely frost 
back to the opening in the cabinet wall 
and sometimes all the way back to the 
compressor, This frosting under nor- 


mal conditions should never be more : 


than 6 in. to 8 in. back along the suction 
line. 

A low side float coil out-of-level 
may be very easily checked with a 
spirit level, An out-of-calibration float 
and a leaky float ball are rather 
difficult to check and necessitate dis- 
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mantling the cooling coil to learn the 
ource of the trouble. A float which is 
calibrated so the refrigerant level is 
too low when the needle-closes will not 
give the above sound, but will be in- 
dicated by a poor frost surface on the 
coil and inadequate cabinet tempera- 
tures. It will tend to become oil bound, 
since this condition permits an extra 
deep layer of oil to form on the top of 
the refrigerant. 


In case of a lack of refrigerant, the 
coil farthest from the condensing unit 


vertically will be the one to show lack 
of refrigerant first. Another way to 
check up as to what trouble is occurring 
in the coil is to loosen the cooling coil 
from its hanger and rock it back and 
forth. If it has an out-of-calibration 
float or a Slight lack of refrigerant, 
one will be able to hear the hissing 
sound stop for short periods of time as 
the liquid refrigerant moves back and 
forth in the chamber. If there is a 
leaky needle, the noise will not change. 
If the needle is leaking, or one of the 
other troubles is existent, one way to 
determine it is to shut off the liquid 
line valve (normally the one mounted 
right on the cooling coil). Then allow 
the condensing unit to run for several 
| minutes; this will lower the float more 
ithan usual. Next, quickly open the 
valve, permitting a rush of liquid re- 
|frigerant to wash past the orifice 
opening. If a piece of dirt has lodged 
between the needle and its seat this will 
be immediately washed away and the 
sound of hissing or gurgling will stop 
momentarily, indicating that the trouble 
has been eliminated. 

| To dismantle the cooling coil, in 
case the necessity arises, the pro- 
cedure varies depending upon the low 
side pressure that the unit is operating 
under. A common servicing policy, ifa 
leaky float needle is discovered, is to 
close the liquid line valve and leave the 
Icoil for a day. During this time the 
operation of the condensing unit grad- 
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ually pumps the refrigerant out of the 
bad coil, and continues to furnish re- 
frigerant for the other cooling coils in 
the systems. The users of the cabinet 
should be warned that refrigeration will 
not be continued until the coil is re- 
paired. After the above period of time, 
a replacement float mechanism should 
be installed in the coil. It is not 
recommended to repair the unit on the 
job. Nor is it recommended to keep the 
float chamber open for any length of 
time. The coil is now all pumped down, 
and the next operation is to balance the 
pressures and isolate the coil. As 
mentioned, the balance depends upon 
the low side pressures in the system. 
In many installations this pressure will 
be found to be very close to atmos- 
pheric. If the pressures are atmos- 
pheric or above it, the service man 
simply turns off the nearest suction 
line valve which will isolate the cooling 
coil from the rest of the system. After 
thoroughly cleaning all of the joints 
and drying them, the unit is ready for 
dismantling. If the pressures are below 
atmospheric, the following procedure 
must be followed. The pressures 
throughout the low side of the system 
are the same; therefore, if the unit is 
running at 5 in. to 15 in. of vacuum, the 
service man must stop the unit when 
the compound gauge on the condensing 
unit reads 0 psi, close the nearest 
suction line valve, and start the unit 
again. 

There is always a quantity of oil in 
the low side float coils, and it is im- 
portant when opening the chambers to 
guard against any chance of the oil 
flowing out of the çoil. To avoid the 
possibility of oil escaping, loosen the 
hanger bolts and tilt the coil so that the 
front end is lifted. This will eleminate 
the source of embarrassment. How- 
ever, this leads to the difficulty of not 
being able to determine whether or not 
the cooling coil has too much oil in it. 
Unless the coil has been showing signs 
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of oil binding, none of the oil should be 
removed. A certain amount of oil is 
required for the correct operation of 
these units. The exchange of float 
mechanisms should be done as rapidly 
as possible and a new gasket should be 
used. When tightening the cap screws 
on the cooling unit header, extreme 
care should be taken to tighten them 
evenly. The best system to follow in 
tightening these screws is to skip each 
alternate screw and go around the 
header, tightening each screw a little 
at a time. Only experience can tell how 
firmly to tighten the screws. As men- 
tioned before, always use cadmium 
plated or Monel metal cap screws. 


20-46. SUCTION LINE 


The suction lines have the following 
items that may need service: 

1, Fittings 
Hand valves 
Two-temperature valves 
Pressure reducing valves 
. surge tanks 

The fittings are checked as pre- 
viously explained and the hand valves 
are Similar in construction to the 
liquid line hand valves. It is important 
to check the suction line size and to 
determine, by using the compound 
gauge, the pressure drop in the low 
side of the system. Fhe pressure drop 
varies but it should not exceed 2 psi. 
To check the pressure drop, record the 
low side pressure when the unit is 
running and then record the pressure 
just as the unit stops. The difference 
in the readings is the pressure drop. 
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20-47. CARE OF SERVICE VALVES 


Service valves on commercial in- 
stallations must be kept in very good 
condition because they are used much 
more frequently than those ona domes- 
tic unit. Three things may be noted 
which will assure good service and 


valve life: (1) fitting the wrench to the 
valve stem, (2) maintaining the packing 
so that the service valve will not leak, 
(3) oil the threads of the gauge connec- 
tion each time gauges are used. Oc- 
casionally after a certain period ofuse 
these service valves have to be re- 
placed. After gauges have been mount- 
ed in the gauge opening of the valve a 
number of times, the pipe threads inthe 
valve gauge openings become worn and 
leak at this point. If the fittings in- 
serted in these gauge openings are 
given a thin coat of solder, this trouble 
will be eliminated. 

One of the most frequent valve 
troubles is the breaking of the valve 
stem because of the stem sticking in 
the valve body. Most valves are made 
with a drop-forged brass body and a 
steel valve stem. If one will heat the | 
service valve with a torch, the dif- 
ference in expansion qualities of the 
two metals will loosen the stem from 
the body and make it easy to turn. If 
one does this and at the same time taps 
the valve stem lightly with a hammer, 
there will be no difficulty inturning the 
valve stem. 


20-48. TWO-TEMPERATURE 
VALVES 


Many multiple installations involve | 
several cabinets of different tempera- 
tures connected to one condensing unit. 
This necessitates the use of two- 
temperature valves. There are three 
principle kinds of two-temperature 
valves as explained in Chapter 19. 
Each has its definite application. The 
metering type, two-temperature valve 
is commonly used in ice cream and 
soda fountain combinations in which the 
ice cream must be maintained at around 
5 F., the beverage coolers must be kept 
at about 45 F., and the storage chamber 
kept at a different temperature. 

The two-temperature valves used to 
permit this condition should be install- 
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ed in the suction line of the warmer 
coils. This connection may be at any 
place on the suction line because its 
operation is usually not affected by the 
distance from the coil. Frequently this 
valve may be found located in the soda 
fountain, although many are located 
near the condensing unit. 

This type of installation may beim- 
proved considerably by mounting a 
check valve in the suction line of the 
coldest coil to prevent the backing up 
of the higher pressure gases into it; 
also a surge tank should be mounted 
near the condensing unit and connected 
between the compressor and the main 
suction line to cut down the rapid 
fluctuations of the low side pressure. 

In most code installations the two- 
temperature valve and the check valve 
must be mounted near the condensing 
unit, and the surge tank must be mount- 
ed on the condensing unit base. 


20-49. SERVICING TWO- 
TEMPERATURE VALVES 


As explained in Chapter 19 the two- 
temperature valves are automatic 
valves, which, when installed in the 
suction line, maintain a higher re- 
W cerant pressure on one or more 
‘coils than that which exists in the 
¿remainder of the system. Three types 
lof two-temperature valves are: 

1. The metering type 

2. The snap action type 
l 3. The thermostatic type 
| The metering type, two-tempera- 
ture valve is the least expensive of the 
three and is used extensively in a 
‘beverage cooling and ice cream cabinet 
_ combination. It should be located inthe 
 ISuction line of the beverage cooler and 
maintains an evaporating pressure in 
‘ithe beverage cooler 10 psi or 15 psi 
'/above the pressure needed to maintain 
vice cream. The four troubles common- 
ly encountered with this valve are: 

p l. Leaky needle 
| 
| 


2. A stuck-shut valve 

3. Out-of-adjustment 

4. Frost accumulation on the bel- 

lows 

If the valve is leaky, the beverage 
cooling coil will be too cold and there 
will be danger of freezing. This cold 
temperature may also be due to the 
two-temperature valve being adjusted 
too close and at too low a pressure. To 
determine which of the two troubles 
is prevalent, a check should be made to 
see if the valve has been adjusted 
recently. If the valve has not been 
tampered with, the trouble is very 
likely a leaky needle, If the valve has 
been tampered with, one must readjust 
it by using a thermometer to obtainthe 
correct beverage coiltemperature. The 
adjusting nut should not be turned 
more than 1/2 turn at a time. A 15- 
minute interval should be allowed be- 
tween each adjustment to permit the 
coil to completely respond to the new 
pressure. 

For accuracy in making adjustments 
on two-temperature valves, a low pres- 
sure gauge should be installed in the 
low pressure side of the cooling coil. 
Sometimes such a gauge opening is 
available, but in many cases it is not. 
Service work on such valves will be 
facilitated if the service man, when 
installing two-temperature valves, will 
install a shut-off valve with a gauge 
opening in the suction line to permit 
the use of a gauge to check the low side 
pressure. 

A stuck-shut valve, which will be a 
very rare occurrence, may be easily 
checked by a non-cooling condition of 
the beverage cooler and an adequate 
refrigerant supply to the two-tempera- 
ture valve, but not through it. This 
refrigerant supply may be checked by 
cracking the flare nuts on the high 
pressure side of the two-temperature 
valve. Some of these two-temperature 
valves are provided with screens; a 
clogged screen will be indicated by a 
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non-cooling condition of the beverage 
coil with symptoms similarto the stuck 
needle condition. 

Frost accumulation on the bellows 
will occur only when the valve is 
located in or near a freezing compart- 
ment. The valve should be removed 
from the freezing compartment and the 
bellows covered with vaseline. 

Exactly the same troubles are en- 
countered with the snap-action, two- 
temperature valve as with the metering 
type. However, most of the snap-action 
valves are provided with a gauge con- 
nection in the nature of a one-way 
service valve mounted on the two- 
temperature valve body. This gauge 
connection makes the adjustment of the 
valve very simple and is a means 
whereby one may determine whether 
the valve is leaking or out of adjust- 
ment. Occasionally, trouble is en- 
countered because of presence of 
moisture and its freezing on the ex- 
terior of the valve bellows. This moist- 
ure prevents the bellows from working 
evenly and will tend to give erratic 
operation to the unit. Any frost ac- 
cumulation on the bellows should be 
removed and the bellows coated with 
vaseline to prevent any further ac- 
cumulation. 

The thermostatic two-temperature 
valves offer the same troubles, causes, 
and remedies as the above two and in 
addition it has troubles resulting from 
the thermostatic element. These 
troubles are exactly the same aS men- 
tioned in regard to the thermostatic 
expansion valves. They are: 

1. Loss of the charge from the 

thermostatic element 

2. Frost on the bellows 

3. Poor power element contact with 

the coil 

4, Pinched capillary tube 

5. Wrong adjustment 

These troubles are checked in the 
manner similar to the method of check- 
ing the thermostatic element inthermo- 


static expansion valves. 


20-50. SERVICING MOTOR 


Motors used on commercial con- 
densing units usually vary in size 
from 1/2 H.P. to 15 H.P. Air-con- 
ditioning systems require motors of 
1/3 H.P. to 25 H.P. These motors are 
connected to either 110-220 volt single- 
phase or to three-phase lines. The 
most popular voltage for the medium 
sized commercial motor is 220 volts 
single phase. | 

In addition to the condensing unit 
motors, commercial systems use mot= 
ors for fans, water pumps, stir mixes 
in ice cream machines, etc. 

Many localities require that a li-: 
censed electrical contractor, remove, 
repair and install these motors. How- 
ever, the refrigeration service man) 
must be able to diagnose motor{ 
troubles, to be able to locate the fault. 
It is best for the refrigeration service 
man to sub-contract the motor work. 

Motor troubles can be traced to | 

1. Mechanical troubles 

2. Electrical troubles 

Mechanical troubles are those faults} 
in the bearings, pulleys, out of align=: 
ment and excessive end play. ' 

Electrical troubles may be further! 
classified as 

1, Internal troubles 

2. External troubles 

To test the motor, it should be dis-' 
connected from the compressor and ruri 
without any load imposed upon it. The 
sound of the motor is very indicative of 
any trouble. Under normal conditions ai 
motor will emit a steady low hum, bul 
in case of worn bearings, rubbing 
armatures, dry bearings, lack of volt 
age, etc., erratic beats will be heard ir 
the humming, and the armature maj 
chatter. If one is doubtful as to con- 
dition of the motor, it may be thor: 
oughly checked as suggestedin Chaptel 
ie 
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» With the motor running, make sure 
the armature position is between the 
two extremes of the armature end play. 
If the armature operates, against one 
extreme of the end play, it means that 
it is trying to assume its magnetic 
center and in not being able to do so is 
running inefficiently. The end play 
should never exceed 1/16-in, and may 
be adjusted by using fiber washers 
which are obtainable at electrical 
supply houses. 

Adequate lubrication of the motor 
bearings is absolutely necessary, and 
the amount of oil in them should be 
carefully checked. Refrigerant oil 
should not be used to lubricate motor 
bearings. Too much oil is just as 
detrimental as not enough. Most motors 
are equipped with overflow openings 
which eliminate most of the danger of 
too much oil. Bearing temperatures 
are best checked with a thermometer. 

The motor should occasionally be 
thoroughly cleaned. No dust, dirt, or 
grease accumulation should be left 
within the motor or on the exterior of 
it. Commutators and brushes, if used, 
Should be cleaned. They must make 
'good contact. The brush throw-out 
‘mechanism should be free. The brush 
releasing mechanism of small motors 
{may be checked by mounting a V-belt 
on the motor pulley and imposing a 

load on the motor by pulling onthe other 

end of the belt. A torque stand is 
oY the best means of determining 
‘the real capacity of a motor. Sec 
Chapter 12. A noisy motor may be 
-caused by a loose pulley, a loose fan on 
` the pulley, or a loose flywheel. These 
‘items should be checked when a noise 
' complaint is received. 
| Fan motors are usually of the 
Shaded pole type. The most common 
trouble is worn bearings. The location 
of these motors usually results in a 
‘lack of attention to oiling. Many of 
, these motors are designed to not need 
lubrication attention but practice has 
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proven that many do need lubrication 
periodically. 

The pump motors and mixer motors 
are serviced similar to the methods 
described. 

Always be sure the motor is wired 
correctly, and that the voltage at the 
motor is sufficient. Always test a 
motor for grounds, and ground the 
motor (Single phase units). 


20-51. MOTOR CONTROL 
TROUBLES 


Three types of motor controls are 
used in commercial refrigeration, 
namely, the low side pressure motor 
control, the thermostatic motor con- 
trol, and the high side safety motor 
control, The troubles encountered with 
these include: 

1. Corroded points 

2. A broken ‘‘Mercoid’’ bulb 

3. Out-of-adjustment 

4, Corroded or broken operating 

springs 

5. Out-of-level 

6. Leaky bellows 

Motor controls norma.ly function 
year in and year out without giving 
trouble, but in cases such as unit 
overloading, the resultant shortcycling 
will very rapidly deteriorate the contact 
points in the control, or will so over- 
load the ‘‘Mercoid’’ that it will crack 
and be destroyed. Corrosion of the 
points may be remedied by cleaning 
with very fine sandpaper (emery cloth 
must not be used) or a fine mill file. 
A broken Mercoid bulb must be re- 
placed. 

An out-of-adjustment switch is often 
the result of tampering. These causes 
of trouble are often difficult to over- 
come. A pressure control may be easily 
checked by installing the gauge mani- 
fold; use the compressor as a vacuum 
and pressure pump and check the cut-in 
and cut-out points. Three different 
methods may be employed to build up 
a pressure in the crankcase after the 
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compressor is run to the cut-out point 
of the control: (1) The suction line may 
be cracked open again; (2) a by-pass 
may be run from the discharge service 
valve of the compressor to the suction 
service valve (use the gauge manifold); 
(3) one may use a refrigerant service 
drum containing the same kind of 
refrigerant attached to the gauge mani- 
fold. Many service men carry a hand 
vacuum and pressure pump intheirtool 
kit for the purpose of testing controls. 
Fig. 20-27. This tool enables a rapid 
check of the pressure control. 

A thermostatic motor control is 
more difficult to reset; the only ap- 
proved method is to use an ice bathand 
thermometer. The control may then be 
set to cut in or out at any temperature 
desired. See Chapter 12. 

The high pressure motor control 
presents but few difficulties because it 
is adjusted to work only underextreme 
conditions. The most common troubles 
encountered are the occurrence of leaks 
in the bellows, or at the joints of the 
controls. Occasionally, however, one 
will find that this control is short 
cycling the refrigerating mechanism, 
and this short cycling is due to exces- 
sive head pressure. To check a high 
pressure motor control element, con- 
nect it to the gauge manifold and turn 
the discharge service valve all the way 
in. On running the compressor, a head 
pressure will be produced sufficient 
to cut-out the control; the high pres- 
sure gauge will record the pressure at 
which the cutting out takes place. 


20-27. A hand vacuum pump used for adjusting motor 
controls. 
(Aminco Refrigeration Products Co.) 
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20-52. PERIODIC INSPECTIONS 


The capital investment in any com- 
mercial refrigeration installation re- 
presents hundred of dollars, The in- 
herent construction of most mechan- 
isms is such that any troubles in the 
system will be accumulative; that is, 
one trouble will cause others. It is, 
therefore, essential that all commer- 
cial machines should be completely 
checked over periodically. The service 


man should devise asystematic method 


of doing this in order that no detail | 
may be overlooked. Inspections should ` 
cover such things as: 

1. The electrical connections 

2. Motor 

3. Compressor noises 

4, Amount of refrigerant 

5. The water flow l 

6. Gas leaks 

7. Coil conditions 

8. The supports for the tubing 
9. Coil supports 
. The condensing unit operation 
. Oil level 
. Belt condition | 
. Belt alignment | 
. Belt tightness 
. Cleanliness 

It establishes good will and alsc 
builds up a good contact file to prepare 
a check sheet one copy of which should 
be given to the owner. This check 
sheet is the only time-tried system that 
insures that one will not overlook some 
important item. 


20-53. SERVICE RECORDS 


Service records are absolutely es- 
sential if one wishes to establish a 
permanent business. These records 
should contain all details of the owner- 
ship, the machine, and what type work 
was done and material used. This re- 


cord enables check backs if the unit” 


does not operate correctly, and it 
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20-28. A condensing unit foom or machine room for a super market. The seventeen condensing units are racked 
on especially built stands. Note the oil separators and variety of units used. 


establishes sales prospects as units 
become older. 


20-54. REFRIGERATION SERVICE 
CONTRACTING 


Much has been done during the past 
few years in respect to contracting for 
refrigeration service, Many large com- 
panies have developed definite policies 
in this respect, and many of the larger 
independents are featuring this type of 
servicing. See Fig. 20-28. 

The usual contracting plan provides 
for a charge of a definite monthly or 
weekly rate, for which the service 
company agrees to keep the refrigerat- 
ing mechanism in good condition. This 
charge may or may not cover parts 
depending upon how the contract is 
written. The success of such a plan 
depends upon a large volume of con- 
tracts in order to break even on ex- 
tremely bad installations. It is possible 
that some multiple installation may be 
completely ruined in a very short time 
from Some very minor trouble; a serv- 
ice contract on such an installation 
certainly would be unprofitable to the 
Service company, and only a large 


number of profitable contracts would 
enable an organization to tide over a 
situation of this kind. Contracts may be 
on a time and material basis. Two 
features of a service contract which 
appeal to the purchaser are the 24- 
hour available service clause, and an 
absolute guarantee of work done. 

If one has a service contract, a 
procedure sheet or record sheet should 
be used to prove service and to insure 
complete coverage of checking. 

This check sheet should include: 

1. Test for leaks 
Check refrigerant charge 
Check oil charge 
Check water valve 
Check water drain 
Check and lubricate motor 
Check belt condition and tension 
Clean unit 
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20-55. SERVICE ESTIMATES 


Many organizations operating re- 
frigerating equipment ask for bids when 
a repair, replacement, or service is 
required. A service organization bid- 
ding on such work should have a man 
who specializes in estimating work of 
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this kind. This man should be thor- 
oughly acquainted with material costs, 
service problems, and labor costs; he 
must be able to judge the time neces- 
sary to do the repair. A pleasing 
personality in combination with rapid 
and accurate estimating ability is es- 
sential. 


20-56. REVIEW QUESTIONS 


1. Why do code installations re- 
quire safety release valves on 
some receivers ? 

2. Why must hand valves be pro- 
vided in the refrigerant lines to 
each individual coil? 

3. Why is it necessary to run re- 
frigeration tubing parallel with 
beams rather than across them? 

4. Why is it necessary to mount 
low side float coils absolutely 
level? 

5. Where are two-temperature 
valves usually located? 

6. Where may soft tubing be usedin 
a code installation? 

7. Explain the method whereby air 
is removed from a multiple dry 
coil system. 

8. Why is it necessary to put a 
dehydrator on a new system? 

9. What would be the purpose ofa 
dehydrator placed in a suction 
line? 

10. Why are hard drawn copper tub- 
ing and streamline fittings be- 
coming popular? 

11. How is a lack of refrigerant ina 
low side float multiple installa- 
tion indicated? 

12. What may be wrong if a thermal 
expansion valve coil suddenly 
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13. 


14. 


15. 


16. 


Wiz 


18. 


LS 


20. 


Pal. 


22. 


23. 


24, 


25. 


starts to frost excessively atthe 
expansion valve, but the coil 
near the suction line connection 
is dry? 

How are flare nuts protected so 
moisture cannot get under them 
and freeze? 

Why is it necessary to have an 
open water drain? 

What must be done to balance the 
low side pressures in a multiple 
coil installation in case the sys- 
tem is running ona 5-in. vacu- 
um ? 

Are commercial systems nor- 
mally charged through the high 
pressure side or low pressure 
side? 

What safety precautions shoulda 
service man follow when charg- 
ing a system through the low 
side? 

Why are soldered flanged fittings 
recommended foruse in making 
inside cabinet connections? 
What is the purpose of the felt 
and fine mesh screen in a de- 
hydrator? 

Why must a system be very 
carefully checked for leaks ifa 
lack of refrigerant is discovered 
in the system? 

What is the difference between a 
dehydrator and a neutralizer? 


What special precautions must © 


be followed when installing a 
suction line? 

Why must calcium chloride be 
kept in a sealed container? 
What cleaning fluid should be 
used to clean joints before the 
joints are opened? 

What may cause a water-cooled 
condensing unit to short cycle? 
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i Chapter 21 


COMMERCIAL REFRIGERATION 
CALCULATIONS AND HEAT LOADS 


Most commercial refrigeration in- 
stallations are refrigeration engineer- 
ing problems. Four steps are required 
in the solution of a refrigeration in- 
stallation problem. 

a) The total amount of heat (heat 
load) that must be removed 
The selection of a condensing 
unit to handle the heat load 
The selection of a coil or cool- 
ing unit which in connection with 
the condensing unit will furnish 
the refrigeration desired 
The installation of the system, 
which must consider such fact- 
ors as water supply, tempera- 
ture control devices, refrigera- 
tor line sizes, air circulation, 
and humidity control, codes, etc. 

In determining heat loads two fact- 
ors must be considered; these are: 

1. Insulation or heat leakage into the 
box or container. This is affected 
by the amount of exposed surface, 
the thickness and kind of insula- 
tion, and the temperature differ- 
ence between the inside and out- 
side of the box. 

2. Usage or service inthe tempera- 
ture of the articles put into the 
refrigerators, their specific 
heat, generated heat, and latent 
heat as the requirements de- 
mand, also the factors of the 
nature of the service required 


b) 


c) 


d) 


such as the number of times per 
day that the doors of the refrig- 
erator are opened, heat generat- 
ed inside by fans, lights, and 
other electrical devices. 

The selection of a condensing unitis 
usually made from manufacturers’ 
tables of capacities. Cooling coils are 
selected from specifications for capa- 
cities, and are selected to balance the 
capacity of the condensing unit. Also 
the type of temperature control, the 
arrangement for air circulation, and 
specific duty affect the selection of a 
coil, 

The installation of all commercial 
refrigeration equipment involves tech- 
nical understanding of all the factors 
and is a determining factor in the 
successful operation of the system. 
The following paragraphs on commer- 
cial refrigeration are aimed to lay a 
foundation on the process of specifica- 
tion and installation of commercial re- 
frigeration equipment. 


21-1. HEAT LOAD 


The total heat load consists of the 
amount of heat to be removed from a 
cabinet during a certain period. This 
is dependent on two main factors: 

1. The heat leakage load 

2. The heat usage or the service 

load. 
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21-2. HEAT LEAKAGE VARIABLES 


Various research organizations 
throughout the world have experiment- 
ed to determine the factors of heat 
leakage through walls; refrigeration 
companies have spent considerable 
time perfecting means whereby we can 
be absolutely sure of the quantity of 
heat that leaks into definite kinds of 
containers for refrigeration. The five 
factors that affect heat leakage are: 


The time 

The temperature difference 

The thickness of the insulation 

The kind of insulation 

The external area of the cabinet 

a) The longer the period of time, 
the more heat will leak through 
a certain wall. The standard 
time unit used for computa- 
tion is the 24-hour period, 
although a few prefer the 1- 
hour period. 

b) The difference intemperature 
is an important factor in the 
heat leakage of a container. 
The greater the temperature 
difference the more heat will 
leak through the wall. One 
might compare this idea to 
pressure: the more pressure 
the more gas or water will 
flow through an opening. 

c) The third variable is the thick- 
ness of the insulation. The 
thicker the insulation, the less 
heat will flow throughit. Twice 
as much heat will leak through 
a wall that is insulated with 
1 in. of insulation as willflow 
through a wall having 2 in. of 
insulation. 

d) The kind of insulation or the 
material used is one of the 
most important considera- 
tions in the construction of 
these containers. Cork, for 
instance, willinsulate approx- 
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imately four times better than 
wood and eight or nine times 
better than brick, etc.; on the 
other hand some insSulations 
are more costly than others 
and this must be taken into 
consideration. 
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21-1. A cross section of a walk-in cooler wall. 


e) Just as the size of the pipe i 
determines how much water 
will flow through it (the big- 
ger the pipe the more water 
will flow), so the more the í 
area through which heat may 
leak the greater the heat flow. 
The common unit used for de- 
termining heat flow is the 
square foot of area. This area, 
is always taken as the outside © 
of the container, although tobe © 
exactly accurate one should 
use an intermediate area. 


21-3. HEAT LOAD (LEAKAGE) 


To bring together the variables just 
mentioned, standards have been devel- 
oped and are now being used by the 
various refrigerating companies, The 
variables have been reduced to unit 
values, and the heat leakage of the wall 
is first determined for the unit values. 
The unit or basic values are obtained 
from a Slab of the insulation one square 
foot in area, one inch thick, witha tem- 
perature difference of 1 F., and overa 
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period of time of either 1 hour or 24 
hours. The values obtained represent 


„the heat flow through the slab under 
these conditions, and naturally vary 
with the kind of insulation. This materi- 
al has noair film or liquid filon either 
side (enclosed in metal). 

This formula deals with one kind of 
insulation only, in order tocompute the 
heat leakage through a composite wall, 

such as a wall made out of wood and 
cork or wood and metal, Fig. 21-1, the 

formula for computing the common K 

factor is shown and explained*as fol- 


j — 


“thickness of material 1 , 
Conductivity factor 
per material 1 


thickness of material 2 
conductivity factor 
for material 2 


MATERIAL 1 Vig 


itis LUM 
We isle Le E TI 


21-2. A composite insulating panel. 


lows: 

If the wall is made up of three dif- 
ferent materials this overall heat leak- 
age (K) (See Figure 21-2) is found as 
follows: 

The total heat conductivity for the 
composite structure shown in Fig. 
21-2 equals: 


1 


thickness of material 3 
conductivity factor 
for material 3 


L,=thickness of material 1 


| 
4 
| Lo=thickness of material 2 


L3= thickness of material 3 


‘and 


ki =conductivity factor for material 1 


kə = conductivity factor for material 2 
k3 = conductivity factor for material 3 


i. the formula becomes 
| 


1 
l n 
kil kg k3 


k1 
| To solve for the conductivity for the 
follows: 


= icin ae A thickness 


k for wood 


k for Celotex 


panel shown in Figure 21-3 proceed as 


l 


B thickness C 


k for cork board 


rom paragraph 29-10 we find the k values as follows: 


k for wood = .80 
k for celotex = .31 


k for cork board = .285 


Substituting these values in the above formula we have 


1 


| = 


2) 
.80 


N 


1 
.25 


.31 


.20 


285 


+ + 


.624 + .807 +.877 


gels 
me 


=.435 which is the unit of conductivity for the panel. 


515 


MODERN REFRIGERATION, AIR CONDITIONING 


An air film that clings to the outer and inner surfaces of the cabinet adds to 
the insulating value of the walls of the cabinet. This added resistance is calculated 
as in the following formula in which the outside air film is considered to have a 
heat transfer value of 6.00 and the inside wall air film has a value of 1.65. 


K = Unit of conductivity for materials of a composite nature. 
U= Unit of conductivity for materials of a composite nature plus the 
effect of the air clinging to both the outside (F.) and the inside 


(F.) walls, 


If the insulating value of the airclinging to the walls is condensed the formula 


becomes: 


the value of foz 6.0 
the value of f;.= 1.65 


Regarding working the problem in Hie 23: 


1 1 
U= = SS --——__ 
1 45 25 25 1 “1.66 +.624+ .807 + .877 + .606 
6.0 80 .31 * moan anes 
1 
= ee 0 
4.55 


The value of K as computed in the previous problem =.435. The value of U | 
as computed in this problem = .22. This shows the insulating value of the air 
adjacent to both the inside and outside walls. 

This type of computation is very complicated as one can readily see; there-. 


fore standard tables for computing heat leakage have been developed. 


SOFT WOOD 


Se SX ap aay” OON AO 
CALOTEX PILAA E T 
XX XX aN XX OOO 4 
BIOS REED 
eA AG OCL COOL 


a ane an 


CORK BOARD 


21-3. A composite insulating panel composed of various 
materials at specified thicknesses. 


21-4. TABULAR METHODS OF 
DETERMINING HEAT 
LEAKAGE 


A method for determining the heat 
leakage into a cabinet, such as used by 
some refrigeration manufacturers, is 
shown by Fig. 21-4. The values are 


based on actual experiments and in- 
vestigations, and practice has shown 
their accuracy. 

One will note that tables for the 
heat leakage of glass are included in 
Fig. 21-5, Many refrigerator cabinets 
are equipped with windows. The tables 


show that the heat leakage through wine © 


dows is very high compared to the 
leakage through walls. 

To use the tables, proceed as fol- 
lows (using abutcher or walk-in refrig- 
erator box as a sample problem): The 
sales engineer visits the establishment 
and obtains all the data possible cone 
cerning the cabinet and the service. 
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INSULATION TiICKNESS 
(Cork or Its EQUIVALENT) Grass 


TEMPERATURE 
DIFFERENCE 
IN DEGREES 
FAHRENHEIT 214 in. in. in. in. Double | Triple 

=- Thickness! Thickness 


These tables sre hased on the use of a layer of wood. both inside and outside of the cork. If 
is not used on both sides. consider that the insulation is one-half inch Iess than the Feral AEA 


21-4. Heat leakage values through refrigerator wall in 
Btu per sq. ft. per 24 hrs. 
(Fedders-Quigan Mfg. Co.) 


Use or REFRIGERATOR 

TEMPERATURE 
DIFFERENCE 

in DEGREES 

FAHRENHEIT 


Market with 
Grocery or |Heavier Service! Restaurant 
Normal Market) or Freshly Short Order 
Killed Meats 


Florist 


40° : 65.0 95.0 120.0 
50° : 80.0 120.0 150.0 
60° 95.0 145.0 180.0 
70° d 114.0 167.0 210.0 
80° ; 130.0 190.0 240.0 
90° i 146.0 214.0 270.0 


21-5. A heat usage table Btu/cu ft/24 hrs. 
(Fedders-Quigan Mfg. Co.) 


For instance, he must determine the 
exterior dimensions of the box, the 
dimensions of the windows, the dimen- 
sions of the wall, the thickness of the 
insulation, the kind of insulation, the 
number of panes in the windows, how 
much business the butcher does, what 
temperatures the butcher desires in 
the cabinet, and what the average sum- 
mer temperature is for the locality, 
and also the highest possible water 
temperature if a water-cooled installa- 
tion is to be made. 

Specification or data sheets are 
available that help the sales engineer 
obtain all the data needed to select 
the proper equipment. Fig. 21-6, is a 


sample of this type of data sheet. 


21-5. CABINET AREAS 


With this data he may calculate the 
following: the exterior dimensions of 
the cabinet (the width and the length 
are multiplied together and then multi- 


plied by two; these areas represent the 
floor and the ceiling of the box; the 
width and the height are then multiplied 
together, and multiplied by two to de- 
termine the area of the ends of the box; 
the length and the height are multiplied 
by two to determine the area of the ends 
of the box; the length and the heightare 
multiplied together, and then multiplied 
by two to take care of the sides of the 
box). Add the three values obtained and 
the total external area of the boxis ob- 
tained, By formula: 


L Length W Width H Height 
(1) Wx Lx 2 =Area of topand bottom 
(2) W xH x2 =Area of ends 
(3) L xH x2 =Area of sides 
Total external area = Sum 
The reason most companies base 
their computations on the externalarea 
of the box rather than the interiorarea 
or a medium area is that the results 
are on the safe side. Also this method 
compensates somewhat for breaks in 
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Name 

Address 

Person Contacted 

Fixture #1-—Make 

Use Model 

Width 

Length 

Height 

Construction 

Installation: 
Kind 
Thickness 

Glass: 


Area 


REFRIGERATION SALES ENGINEERS DATA SHEET 
Type of Business Date 


No. of Thickness 


Produce 
Light 
Motors 


Location 


Unusual Temperatures 


Unusual Service 


City. Zone state 
Title 
Fixture #2-Make Fixture #2-Make 
Use Model Use Model 
Salesman 


21-6. A sample data sheet which may be used by sales 
engineers in recording data for a refrigeration installa- 
tion. 
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Bo 8 HIGH 


x G 
CAPACITY (CU. FT.) CAPACITY (CU. FT.) 

: Outside | 2” 243" g” 4” ga 6" 8” ||Outside pe aoe aye 5 a 
Lg. & Wd. Cork Cork Cork Cork Cork Cork Cork Cork Cork Cork Cork Cork ati ee 
5x 5 101 90 71 250 174 167 159 144 131 117 93 
5x 6 127 114 mO 220 215 206 197 180 164 148 120 
5x 7 153 138 111 310 256 248 236 216 198 179 146 
5x 8 179 162 131 340 296 286 274 252 232 210 172 
6x 6 160 312 | 266 256 247 225 207 188 156 
6x 7 316 304 292 270 249 228 192 
6x 8 364 353 342 315 292 269 228 
6x 9 414 402 390 360 335 309 263 
6x10 463 451 439 405 378 350 299 
Oie 555_ 546 536 495 463 430 370 
‘es i 378 374 361 348 326 302 278 237 
RS 8 412 434 420 406 378 353 328 281 
x 9 446 | 492 477 463 430 403 377 326 
7x10 480 551 536 521 481 448 413 371 
7x12 548 670 653 635 583 535 486 458 
8x 8 501 487 473 441 413 385 333 
8x 9 570 553 538 504 474 443 386 
8x10 641 748 603 567 534 500 441 
8x12 776 755 734 692 653 615 548 
8x14 914 889 864 818 768 730 656 
9x 9 649 623 600 576 543 510 449 
9x10 725 706 686 647 612 575 508 
9x12 883 859 836 792 752 708 626 
9x14 1035 1011 987 935 888 840 745 
10x10 870 790 770 729 680 650 579 
10x12 592 776 755 734 693 655 617 547 680 988 962 939 890 847 802 720 
10x14 664 912 889 866 818 775 733 654 760 1158 1132 1110 1050 1005 954 860 
12x12 672 946 919 893 848 804 760 680 768 1203 1172 1144 1090 1038 988 895 
12x14 752 |1110 1086 1052 1001 951 900 809 856 1411 1382 1348 1289 1230 1170 1060 
14x14 840 |1304 1269 1235 1180 1126 1072 968 952 1660 1619 1568 1518 1458 1394 1272 


21-7. A table of cabinet external areas and internal volumes (capacity). 


(Bush Mfg. Co.) 


the insulation due to the construction 
of the cabinet. Likewise, these cabi- 
nets often have wood corners and wood 
beams along the walls to reinforce the 
paneling and this wood is not as good 
an insulator. 

Tables can be used to obtain the 
external area of a cabinet and also its 
internal volume. Fig. 21-7. 

After obtaining the external area 
of the box, one must subtract the win- 
dow area to obtain the true area of the 
insulated surface. Window areas are 
calculated from the measurements of 
the outside edges of the window frame 
and must be considered separately. 

The total external area -- the win- 
dow area= the insulated area. 

From the table (Fig. 21-4) one may 
find the amount of heat that will leak 
through the insulation per square foot 
of area per 24 hours forthat particular 
type of wall construction. For example, 
if the wall is made of 1 in. lumber 
paneling on both sides and 3 in. of 
slab cork between, the tables will re- 


veal that at a temperature difference 
of 50 F., (85 F.-35 F.) 90 Btu will leak 
through per square foot during the 
period of 24 hours. The glass leakage 
table will similarly give values for the 
heat leakage through 1 square foot of 
glass. Adding the two will give the 
total heat leakage into the cabinet. 


A typical example is a 6 feet x 7 
feet x 10 feet walk-in cooler with two 
windows 1 1/2 feet x 2 feet. The box 
is kept at 36 F. in a room with an 
average temperature of 86 F. The wall 
construction consists of 3 in. cork 
with 1 in. lumber on each side. The 
windows are of the double-pane con- 
struction. The temperature difference 


is 86-36 z 50F. 


Solution, 
Total surface 
Walls: 6x7x2 = 84 sq. ft. (ceiling and 
floor) 
6x10x2=120 sq. ft. (ends) 
7x10x2=140 sq. ft. (sides) 
344 sq. ft. total area 
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Windows: 1 1/2x2x2=6 sq. ft. of window 
344-6=338 sq. ft. of insulated 
wall 

From table Fig. 21-4, 

1 sq. ft. of the wall allows 90 Btu per 

24 hours. 

90x338 sq. ft.=30, 420 Btu per 24hours 

through the walls. 

From table Fig. 21-4, 

1 sq. ft. of the windows allows 550 Btu 

per 24 hours. 

550x6 sq. ft.=3,330 Btu. per 24 hours 

through the windows. 

30, 420 + 3,300=33,720 Btu Total per 24 

hours. 


21-6. HEAT LOADS (USAGE) 


The total heat load of the refrigera- 
tor cabinet in addition to being depend- 
ent upon the heat leaking through the 
walls and windows is also affected by 
the heat to be removed from articles 
in the cabinet and air change. This 
heat is called the heat usage, or the 
service load, and it is caused by the 
changes of air in the cabinet, by the 
produce to be cooled, by lights and 
motors which may be used inside the 
box, and by the occupancy of the box. 

Refrigeration equipment manufact- 
urers have developed a standard where- 
by one may obtain a fairly accurate 
estimate of the usage heat load. The 
method is as follows: The boxis classi- 
fied as to the type of service to be 
performed, and under this classifica- 
tion come florist’s cabinets, grocery 
boxes, normal market coolers, fresh 
meat cabinets, and restaurant short- 
order boxes. From experience these 
companies have found that such boxes 
used for the same general line of 
business hold rather consistently tothe 
same usage heat load. This load de- 
pends in detail upon the following basic 
factors: 

1. The temperature difference be- 

tween the exterior and the in- 
terior of the cabinet 
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2. The volume of the cabinet (in- 


ternal) 
3. The type of service 
4. The time 


It is possible to calculate by usinga 
typical installation and determine the 
amount of food put into the refrigerator, 
how many times the door is opened, 
and for how long a period of time the 
employees are inside the cabinet. This 
is a very laborious process and, unless 
very carefully performed, discrepan- 
cies are bound to appear inthe results. 

As the data in the tables are based 
upon 1 cubic foot content at various 
temperature differences, sothe follow- 
ing method is the usual procedure to 
determine the usage heat load: The 
temperature difference is the same 
value as that used for the heat leakage 
into this cabinet, while the volume of 
the cabinet is computed from the inside 
dimensions. We next determine under 
what type of cabinet the box may be 
classified. A meat market, forinstance, 
may be one in either a small residen- 
tial neighborhood or it may be a central 
meat market. There would, of course, 
be considerable variation inthe amount 
of heat to be removed from the con- 
tents of these cabinets. The values 
given in Figure 21-5 can only give the 
load for certain set conditions and it 
is necessary to understand the in- 
dividual case. 

After the total volume of the box has 
been calculated, one must determine 
the load for each cubic foot by re- 
ferring to the table; if the cabinet 
appears to be a normal market witha 
temperature difference of 50 F., the 
amount of heat to be removed from 
each cubic foot will be 80 Btu per 24 
hours. Multiply this value by the total 
volume in cubic feet and a fairly 
accurate estimate of the service load 
will be obtained. The table gives the 
heat usage over a period of 24 hours as 
this time is the established standard. 
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Heat usage-— usage Btu x volume in cu. 
, ft. 
Using the above example: 
In the sample cabinet which is 
6 x 7 x 10 the walls-are 5 in. thick 
(1 inch wood+3 in. insulation+1 in. 
wood). Therefore the internal orinside 
width is 6 feet minus 5 inches minus 5 
inches (there is a wallat each end). The 
inside dimension then equals 6 feet mi- 
minus 5 ft. 5 1/6 
6 
feet. The same method is used to 
calculate the other internal dimensions. 
The internal dimensions are: 
E 1/6 ft. x 6 1/6 ft. x 9 1/6 ft. 
i 1x6 + 2) 


nus 10 inches 6ft. 


6 6 
MP nei x ox 641 
6 6 6 
30+1 x 36+1 x 54 +1 
6 6 6 6 6 6 
The internal volume 31 x 37 x 55 = 


6 6 6 
68085 = 292 cu. ft. 
me 216 
Heat usage under the above con- 
, ditions = 80 Btu. per 24hrs.for1 cu, ft. 
i Heat usage = 292 cu. ft. x 80 Btu. 
i per cu. ft. = 23,360 Btu per 24 hrs. 
Total Heat Load = Heat leakage+ 
usage = 33,720 (See Paragraph 21-5)+ 
23,360= 57,080 Btu. per 24 hrs. 
The addition of the heat leakage and 
| usage will give the total heat load upon 
the cabinet for a certain set period of 
time. This value may be listed either 
as Btu’s per 24 hours, or Btu’s per 1 
hour. 


21-7. ICE MELTING METHOD 
Another way of calculating the total 
heat load of a cabinet is to use ice as 
the determining medium. If one were to 
put an ice bunker in the refrigerator 
| cabinet under investigation in such a 
manner that the ice would be utilized 
| scientifically, the number of pounds of 


ice melting per day to produce satis- 
factory refrigeration will bea measure 
of the total heat load on the cabinet, 
The conversion factor between Btu's 
and ice melting equivalent is 144, 
meaning that one may divide the Btu's 
per hour by 144 and the ice melting 
equivalent value in pounds will be 
obtained, This I.M.E. value is another 
standardized means of comparing cap- 
acities. 

It may be noted that the accuracy of 
this type of calculation depends upon the 
original data and also one should be 
careful in selecting the tables to be 
used. The tables in this text have been 
developed through years of careful in- 
vestigation and are generally consider- 
ed satisfactory. 

Example: What will be the I.M.E. 
for the cabinet in Paragraph 21-6. The 
total heat load was 57,080 Btu per 24 
hours. 


The L.M.E.= total heat load -57,080 — 


144 144 


396 lbs. 


The ice consumed may be measured 
by collecting the drainage as the ice 
melts. Two discrepancies that may 
occur in this method are that the cab- 
inet may require temperatures other 
than those obtainable by means of ice, 
and the moisture precipitated out of the 
air will affect the calculations some- 
what. It is also inconvenient in certain 
cases to put ice into the cabinet to 
determine the load. Where an installa- 
tion of automatic refrigeration is to be 
made in an old ice-cooled box, this 
method can be used very easily as the 
ice equipment is already available. The 
total amount of water drainage does not 
have to be measured. The most popular 
way is to measure the drainage for 
1/2-hour periods at four intervals 
during the 24-hour period. 

The values are given in pounds of 
ice melting equivalent per day per 1F. 
per 1 square foot of external area. 
These columns, therefore, base the 
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usage and service upon the area of the 
cabinet rather than upon the internal 
volume. See Fig. 21-8, These com- 
panies do not differ radically from the 
method previously explained in doing 
this because cabinet designs are such 
that their volume varies almost direct- 
ly as the area. For example, two cab- 
inets which have the same exterior 
area seldom differ muchin their cubic- 
al contents. 


21-8. COOLING COIL AND 
CONDENSING UNIT 
CAPACITIES 


After calculating the heat load, itis 
necessary to determine the size of 
cooling coil and condensing unit re- 
quired to furnish the refrigeration. 

Some important features are as 
follows: 

1. The cooling coil removes heat 
from the cabinet only when the 
condensing unit is running 

2. The refrigerating unit usually 
‘runs from 14 to 20 hours out of 
each 24 hours. This means that 
the unit must have a refrigerat- 
ing capacity in 14 hours of op- 
eration equal to the total heat 
load in 24 hours. 

The cooling coil’s capacity depends 

upon three conditions: 


Type Factor- EDSt of ice per hr. 
of perOr 

Usage DET EC A 

PIEDo oo o 1028 

Average.. .042 

Heavy.... .056 


21-8. Usage factor based on type of service. The re- 

frigeration factor is in points of ice melting effect (I M E) 

per hr. per degree F per square foot of cabinet surface. 
(American Society of Refrigerating Engineers) 


1. The cabinet temperature 
2. The refrigerant temperature 
3. The space allowed for the coil 


Condensing Unit Cooling Coil 


Low Side Btu/hr. Temp.Diff. Btu/hr. 
Temp. 
40 6650 OF 300 
35 6100 Jie 3000 
30 5600 nee 4.000 
25 5100 13e 5000 
20 4650 202 6000 
1 4.200 250 7500 
10 3800 
5 3400 300 sq. ft. sur- 
0 3000 face natural 
-5 2600 convection cool- 
-10 2250 ing CoLLl, 
15 1900 
=20) 1550 
-25 1250 
-30 950 


90°F ambient air 


Add 6% for 10°F 
drop in air temp- 
erature, substract 
6% for each 10°F 
rise in ambient 
temperature. 


Liquid Line 1/4" 
Suction Line 5/8" 
Approximately one H.P. 


21-9. Tables of condensing unit and cooling coil ca- 
pacity variations with temperature and pressure. 


The condensing unit’s capacity de- 
pends upon: 

1. The low-side pressure 

2. The condensing medium 

It is more important to balance the 
capacity of the cooling coil to the 
capacity of the condensing unit than to 
the heat load of the cabinet. When 
balancing the capacity of the condensing 
unit and the cooling coil, all calcula- 
tions for each myst be based on the 
same low-side pressure. This is be- 
cause the capacity of the cooling coil 
increases as the temperature de- 
creases, while the condensing unit’s 
capacity decreases as the low-side 
pressure decreases, Fig. 21-9. 

The capacity of a cooling unit in- 
creases as the cooling coil temperature 
drops (as the low side pressure de- 
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30,00 
Og 
® 25000 Se 
y 2r 
q Do SR 
q 7 gen, 
Co) È d 
isin ee 
i pe N 
X 7/0000 ing 7 
$ mpac!t => 


TEMP 


70 Zo ao E 
PRESSURE 14.65 240 I7 PSG 


21-10. A graph showing the relative effect on cooling 
coil and unit capacity at different temperatures inside 
the cooling coil. 


creases) providing the cabinet tem- 
perature stays the same. 

The capacity of a condensing unit 

increases as the low side pressure 
increases, Fig. 21-10. 
From the figure you see that this 
_ particular cooling unit matches the 
condensing unit at a low side pressure 
of 32 psi and the combination will 
remove 12,500 Btu per hour. 

To obtain the Btu/hour load on the 
condensing unit and the cooling coil, 
one may use the tables in Fig. 21-11 
through Fig. 21-15. The tables give 
directly the capacity of the condensing 
unit and cooling coil needed to handle 
the refrigeration load. 


ee 


As the size of the cabinet becomes 
larger, simple tables are not accurate 

ı enough. The heat leakage factors re- 
maining, the same but the usage factor 
must be more accurately determined. 


Inches TEMP. DIFFERENCE 


15.0 16.9 
12.5 14.1 
10.5 11.8 


10.3 11.3 
8.6 9.4 


13.1 
10.9 


| 21-11. A leakage factor table that will give results in 
Btu per 16 hrs. capacity of condensing unit and cooling 
coil needed to balance the heat leakage. 
(Bush Mfg. Co.) 


The more accurate calculations on 
usage determines the air change load 
and the product load separately. 

To determine the leakage load use 
Figures 21-11 and 21-13. 

The air change load is calculated 
based on the table in Fig, 21-14. 

The product load is determined by 
knowing the amount of the product used 
per day and the temperature change the 
product passes through, Fig. 21-15. The 
table is a complete listing of the most 
common foods with enough data to 
enable one to determine the product 
load under practically any condition. 

The use of these three tables canbe 
illustrated by the following problem. 

If a cabinet 16’ x 20’ x 10’ with 4 in. 
cork insulation is in a 90 F. room, and 
it cools 2000 pound of beef from 60 F. 
to 35 F. each day, what is the total 
load? 

Heat Leakage 1360 x 102 =138.720 Btu. 

per day 

2160 wit. x30=30'= 627950 

Btu. per day 

Product Load 2000 pds x .77 spec. heat 

x 25 F. temp. diff.=—38,500 Btu. per day 

260,170 Btu. per day 

260,170 = 16,261 
16 hr. 

hour based on 16 hours of unit operation. 

The manufacturers of cooling coils 
and condensers list the capacities of 
their products in Btu’s or I.M.E, for 
either one hour of operation or 16 hours 
of operation. Before making achoice of 
models, it is very important that the 
above items be considered carefully. 


Air Change 


Therefore, Btu per 


21-9. BAFFLE DESIGN 


Practically all refrigerator cab- 
inets are now built to be used with 
mechanical refrigeration. Thesc latter 
cabinets are specially designed to fac- 
ilitate cooling of the cabinet with cool- 
ing coils. However, old cabincts orig- 
inally designed for use with ice are 
sometimes converted into mechanically 


523 


MODERN REFRIGERATION, AIR CONDITIONING 


Capacity 
Cu. Ft. 


1-50 
51-100 
101-250 
251-500 

501-1000 

1001-1500 


*Normal 


tHeavy 


21-12. The usage factors that gives the refrigerating unit capacity, Btu per 16 hrs. needed to handle the usage load. 
(Bush Mfg. Co.) 


Leakage Factor Btu's Per 24 Hrs.,Per Sq.Ft. 


40° 45° 50° 55° 60° 70° 80° 90° 100° 110° 


Cork T.D. T.D. T.D. T.D. T.D. T.D. T.D. T.D. T.D. T.D. 


21-13. A table of heat leakage values for large refrigerator cabinets. 
(Bush Mfg. Co.) 


refrigerated cabinets. This necessi- 
tates some minor construction changes 


cabinet. They direct the air flow in 
such a manner that it is speeded up and 


in the cabinet to permit the use of coils 
instead of ice. Also the refrigeration 
service engineer should know the theory 
of air circulation in the box, and what 
is supposed to happen during the opera- 
tion of the unit. The following deals 
with the study of efficient baffling and 
correct air circulation in cabinets. 
Baffles are surfaces, or air ducts, 
which increase the efficiency of the air 
flow around the coil and throughout the 


+ 


carried all around the interior of the 
box, leaving no dead or warm air 
spots, Fig. 21-16. The colder aircom- 
ing from the coil is made to flow down 
the center of the box or adjacent to the 
wall not provided with windows, while 
the warmer air is directed through 
other flues back to the coil. The 
design must be scientifically propor- 
tioned to insure that the aircirculation 
is unrestricted and that there will be 


Air Change Load B.T.U. Per22) tives Per Cult. 


Box Capacity| 40° 45° 50° 55° 60° 70° 80° 90° 100° 110° 
Cu. Ft. T.D. T.D. T.D. T.D. T.D. T.D. T.D.-T.D. T.D. T.D. 


500-1000 36 41 45 50 54 63 72 81 90 99 
1001-1500 28 32 35 39 42 49 56 63 70 77 
1501-3000 20 23 25 28 30 35 40 45 50 55 
3001-5000 16 18 20 22 24 28 32 36 40 44 
5001-10000 | 10 11 13 14 15 18 20 23 25 28 

10001-25000 8 O e E a BB 


21-14. The heat to remove from the air due to the air changes in large cabinets. 
(Bush Mfg. Co.) 
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Product 


a 


| 


Apples 
Asparagus 
Bacon, Fresh 
Bananas 

Beans, Green 
Beans, Dried 
Beef, Fresh, Fat 
Beef, Fresh Lean 
Beets. Topped 
Blackberries 
Broccoli 

But’ er 

Cabhage 
Carrots, Topped 
Cauliflower 
Celery 

Cheese 

Cherries 
Chocolate Coatings 
Corn, Green 


Cranberries 
Cream 
Cucumbers 
Dates, Cured 
Eggs, Fresh 
Eggplants 
Flowers 

Fish, Fresh, Iced 
Fish, Dried 
Furs 

Furs, To Shock 
Grapefruit 
Grapes 

Ham, Fresh 
Honey 

Ice Cream 
Lard 

Lemons 
Lettuce 

Liver, Fresh 


Lobster, Boiled 
Maple Syrup 
Meat, Brined 
Melons 

Milk 
Mushrooms 
Mutton 

Nut Meats 
Oleomargarine 
Onions 


Oranges 
Oysters 
Parsnips 
Peaches, Fresh 
Pears, Fresh 
Peas, Green 
Peas, Dried 
Peppers 
Pineapples, Ripe 
Plums 

Pork, Fresh 
Potatoes, White 
Poultry, Dressed 
Pumpkins 
Quinces 
Raspberries 
Sardines, Canned 
Sausage, Fresh 
Sauerkraut 
Squash 

Spinach 
Strawberries 
Tomatoes, ripe 
Turnips 

Veal 


21-15. Temperature, specific heat, 


| 
io) 
> 


Storage Temp. 


Long 


Short 


38-42 
40 
36-40 
56-72 
40-45 


Specific Heat Respiration 


Humidity Above Below Latent | Freezi BTU/lb 
% R.H. | Freezing Freezing Hest | Pont | Per Day 


50-60 


eeeeeene 


evesesee 


(et) 
© 


| 
= 
n 


—15 


40-45 
31-32 
30 


aecceeee 


sececnae 


and latent heat data for the more common foods. 


(Bush Mfg. Co.) 


no contrary influences toimpede theair while the under part of the baffle is in 
flow. Any horizontal baffle or coildeck contact with relatively warm air. If it 
must be insulated because the top sur- 
face is in contact with very cold air 


were not insulated, this temperature 
difference would not be maintained and 
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eddy currents of air would result 
(small circular flows of air) disturbing 
the air flow in the cabinet. Baffled 
coils are always of the natural convec- 
tion type, and the air flow around the 
box is due only tothe relative weights of 
the cold air and the warm air (density). 
The warm air is lighter per cubic foot 
of volume and, therefore, rises in the 
box. This natural circulation must 
never be hindered or the box tempera- 
ture will not be constant. Baffling the 
coils tends to promote this natural cir- 
culation of the air and to speed it up. 


Orr 


000000 0/6 


21-16. The circulation of air in an overhead coil re- 
frigerator cabinet. 


21-10. COIL BAFFLES FOR WALK-IN 
COOLER 


A typical baffle problem is anover- 
head coil installation in a walk-in 
cooler. This method is used ina 
cabinet where sufficient head room 
remains after the baffle has been in- 
stalled. The coil is centrally locatedin 
the top of the box and the baffle 
surrounds it in a certain mathemati- 
cally proportioned manner. The baffles 
are divided into two styles called the 
Single baffle and the double baffle. The 
chutes or flues through which the air 
is made to flow are proportioned tothe 
size of the box. The easiest way to do 
this is to consider the sizes of these 
flues in relation to the floor area of the 
cabinet. The cold flue or chute must 


pf 12.2 0 0 0 0 0] 
P, 


SLOPE F2JFT. 


21-17. A single baffle arrangement. A. Cold air flue = 
W W 
—; B. Warm air flue = —; C. Same as B; D. C + Iin.: 
7 6 


E. A. + to4in.; F. 3 to 4in: G. 4 to 7 in. 


have an area of approximately one- 
sixth or one-seventh the area of the 
floor of the box and the warm air flue 
must be slightly larger than this to 
provide for the expansion of the air as 
it warms up. It is understood that the 
baffle runs the full length of the cabinet 
and it always directs the airaround the 
shortest route (the width of the box), 
Fig. 21-17. The warm air flue is 
frequently made the same size as the 
cold air flue although a width of one- 
sixth the width of the cabinet should be 
used. This figure means a slight in- 
crease in size of the warm air flue 
over that of the cold air flue. As the 
warm air rises in the warm air flue, 
it must flow over the vertical baffle to 
reach the coils. The area of the open- 
ing at the top of this baffle must there- 
fore be equal to that of the warm air 
flue. 

These overhead coils are used in 
cabinets which have an exterior height 
of 9 ft. 10 in. The exact construction of 
the baffle depends upon the width of the 
cabinet. If the width is less than 7 ft. 
internal dimension, a single baffle may 
be used, but if the width exceeds this 
value a double baffle must be used. This 
double baffle is a construction wherein 
the cold air is admitted to the center of 
the box and the warm air rises along 
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21-18. A double baffle arrangement. A. Cold air flue = 

W W 

—; B. Same as C. warm air flues, each are —; D = 

7 12 

E = B; F. E. + | in; G. 3 to 4 in; H. Same as K, ie., 
W 


4 to 7 in; |. Same as J, ien —. 
14 


the two sides. Fig. 21-18. The same 
basic rules hold as well for the double 
flue as for the single flue types. The 
total width of the cold air flue must be 
1/7 W. and the total of the warm air 
flues may be 1/6 W. or 1/7 W. This 
means that each warm air flue is 1/12 
W. orl/14 W. to permit the air that 
goes up the warm air chute to pass over 
into the coil chamber. The opening 
between the vertical baffle and the 
‘ceiling of the cabinet must be the same 
size as the warm air flue, namely 1/12 
W. or 1/14 W. The slope of the horizon- 
tal baffle should be between 1 and 2 
in. per foot of length. 
The other dimensions in baffle con- 
struction vary somewhat as tothe policy 
followed. It is best to give the baffleas 
much depth as one conveniently can 
iwithin the cabinet, but it is recom- 
mended that this over-all dimension be 
not more than 23 ft. The exact con- 
struction of the baffle depends on the 
type of coil to be mounted within it. If it 
is a shallow coil of from 6 in. to 8 in. 
in depth, this coil should have the top 
of it 1 in. below the top edge of the 
vertical baffle; this value should be in- 
creased as much as possible, still 
‘allowing the head room necessary inthe 


cabinet. In other words, a distance of 
two or more inches from the top edge of 
the coil to the top of the vertical 
baffle is preferable. If a deep coil is 
used, i.e., 16 in. to 20 in. deep, it is 
sometimes necessary to permit the top 
of the coil to be above the top edge of 
the vertical baffle. This tends to de- 
crease the efficiency of the baffle con- 
struction as it cools the air before itis 
below the vertical baffle edge, givingit 
a tendency to flow back through the 
warm air flue, Underthis condition, the 
coil must be at least two inches from 
the ceiling of the cabinet. The space 
between the vertical baffle and the coil 
proper should not be less than 4 in. or 
more than 7 in. If less, the effective 
area of the coil is decreased. If itis 
more, air turbulence results, andsome 
of the air is not cooled sufficiently as it 
goes through the baffle. The coil should 
be kept 3 in. or more above the 
horizontal baffle and it should never be 
allowed to overhang the flues. That is, 
in a single baffle construction, the 
coils should not be allowed to extend 
over the cold air flue, because this 
would permit moisture to drip on the 
contents below. The baffle must be pro- 
vided with an adequate drain to take 
care of all condensation from the coil, 
and it is best made from galvanized 
iron built to provide its own drainage 
slant. 


21-11. MULTIPLE BAFFLES 


Overhead cooling coils may be ob- 
tained with multiple baffles. These 
baffles are narrow strips of metal 
(aluminum) or are of aplastic material. 
They each have their own drain and the 
condensate then drains to a manifold 
drain. Sweating on the under side of each 
baffle is prevented by maintaining 
multiple down drafts of air to prevent 
eddy air currents of warm air from 
contacting the underside of the baffle 
strips. 
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21-12. BAFFLE CONSTRUCTION 


The vertical baffle is usually made 
of two thicknesses of $-in. spruce lum- 
ber constructed with building paper 
between the two boards giving a total 
thickness tothe vertical baffle of appro- 
ximately 1 in. The horizontal baffle 
must be insulated inasmuch as the top 
surface of it comes in contact with 
extremely cold air, whereas the bottom 
of the baffle comes in contact with 
relatively warm air. This baffleis also 
constructed of two layers of spruce 
wood $ in. thick, but in addition lin. of 
insulation is mounted between these two 
surfaces. During the construction of the 
baffle, the insulation should be sealed 
with hydrolene, Fig, 21-19. The top sur- 
face of the baffle shouid be covered with 
galvanized iron, which must be con- 
structed so the metal wili extend part- 
ially up to the vertical baffle and also 
over into the drain trough at the other 
end of the baffle, Fig. 21-20, Cadmium- 
plated brass or other rust-proof nails 
must be used throughout. The vertical 
baffle is usually fastened permanently 
into the cabinet by means of angle 
irons or wood cleats, The horizontal 
baffle may be fastened at its two ends 
by the same method. That part of the 
horizontal baffle which fastens to the 


21-19. Baffle details (deck and baffle). A. !/2-in. spruce; 
B. Sealing paper; C. Insulation; D. Cleats; E. Wood 
screws; G. Galvanized iron. 


vertical baffle is hinged to it, and the 
other end is held up by hooks andeyes. 


21-20. Baffle trough detail. A. !/>-in. spruce; B. Sealing 
paper; C. Insulation; D. Cadmium plated wood screws; 
E. Brass wood screws; F. Galvanized iron trough; G. 
i Galvanized iron deck covering. 


This construction permits very easy 


t 


periodical cleaning of the baffle, and , 


also makes the coil more accessible to 
the service man. The more modern 
cabinets, especially those constructed 
for mechanical refrigeration, have the 
baffles already constructed within. 


21-21. Corner coil and baffling in a walk-in cooler. W. 
W 


Width from wall to baffle; A. —; B. —; C. B + 1; D. 
7 7 
2 in.; E. 2 in.; F. 2 in. 


21-13. BAFFLES FOR ODD SIZE 
COILS 


Many cabinets do not have room to 
mount overhead coils suchas one type of 
walk-in cooler which is constructed 
with an exterior height of approxi- 
mately 74 feet. This height necessitates 
some other coil mounting, and two 
types of mountings are sometimes 
used, (1) In one method the coil is put 
in the upper corner of the cabinet as 
far as possible from the entrance door 
to the cabinet, Fig. 21-21. (2) The other 
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21-22. Wall coil and baffling in a walk-in cooler, W. 
w WwW 


| Width from wall to baffle; A. —; B. —; C. 2 in.; D. 2 in. 
7 7 
Eiin 


method uses a wall coil mounted against 
the wall opposite the windows or the 
reach-in doors of the cabinet, Fig. 21- 
(22. These coils are baffled, using the 
same basic values for air flues as the 
overhead coil. Note that the horizontal 
baffle in Fig. 21-21 is built to allowa 
l-in. space between it and the wall in 


WINDOW 


21-23. End bunker baffle arrangement. W. Length from 
Ww Ww 


„end of counter to baffle; A. —; B. —; C.B + iin; 
7 7 
D. 2 in.; E. 2 in; F. 3 in. 


[order to permit a small circulation of 
lair underneath the baffles, thus keeping 
correct refrigeration in this space. In 
this construction the vertical baffle is 
the one insulated. The construction of 
the baffles is identical to the construc- 
tion described in Paragraph 21-12. 


, 21-14. DISPLAY COUNTER 
BUNKERS 


Overhead coil and end bunker dis- 
play cabinets are baffled for the same 


| 


reason as in the overhead coil, walk-in 
cooler. However, the end bunker basic 
distance (W) is the distance from the 
baffle of the coil or coils to the 
extremity of the counter. Fig. 21-23. 
In the display counter the basic distance 
(W) is the intermediate width of the 
cross section. That is, if the top of the 
display case is only 1 foot wide andthe 
bottom is 3 feet wide, the basic distance 
(W) is 2 feet. As im the case of the 
walk-in cooler, these cabinets fre- 
quently come with the baffles already 
constructed within, Fig. 21-24. In this 
case standard baffle designs are in- 
stalled, as have been found to be best 
in actual tests. 


21-15. GROCERY CABINET BAFFLES 


Grocery cabinet coils are locatedin 
the upper center of the cabinet and are 
baffled with the typical double baffle 
system. The basic width or W upon 
which to calculate the various dimen- 
sions is the total of the two distances 
from the vertical baffles to the end 
walls. That is, if the interior widthofa 


tj 
VELL 
COIL: 


21-24. Display case rear bunker baffle arrangement. 


grocery cabinet is 5 ft. and the coil 
space plus the baffle thickness takes up 
24 ft, the baffle dimensions or flues will 
depend upon the 2% ft. remaining dis- 
tance or space. The coils cannot be 
placed as far from both the ceiling and 
the baffles as in the walk-in coolers; 
therefore 2 in. is specified as the 
minimum distance for these spaces. 
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21-16. COOLING COIL TYPES 


Many kinds of cooling coils have 
been used in mechanical refrigeration, 
but there have been in use two basic 
types. One type of coil is used to cool 
the air within the cabinet directly, 
while the other type of coil is used to 
cool a liquid which may be either con- 
sumed or used to cool other substances. 
These are called (1) air-cooling coils, 
(2) liquid-cooling coils. The air-cool- 
ing coils may be further classified as 
the dry and the flooded type, both of 
which may be either of the frosting, the 
defrosting, or the non-frosting type. 
Also there are forced circulation coils 
of either the flooded or dry type. The 
liquid cooling coils may be subdivided 


T 


21-25. Heat transfer from air surrounding a coil, to the 
coil, through the coil and to the refrigerant inside. 


into the submerged coil and the tube- 
within-a-tube coil. In commercial re- 
frigeration certain kinds of coils are 
tending to become more popular than 
others. Among these are the dry non- 
frosting air cooling coils, the forced 
circulation dry coils, and the sub- 
merged flooded or dry coil. See Chapter 
19. 


21-17. AIR COOLING COIL THEORY 


The theory involved in the transfer 
of heat from the air circulating over the 
coil to the refrigerant is that, as the 
warm air comes in contact with the coil, 


the air molecules striking the fins 
release some of their energy to the fin 
(transfer the heat to it). This heat in 
turn travels through the fins, then 
through the tubing of the coil, andcom- 
ing in contact with the liquid refriger- 
ant on the inside, tends to boil it. The 
greatest heat transfer problem in this 
case is that of moving the heat in the 
air to the fin due to the low density 
of air. After reaching the metal, the 
heat travels very efficiently and rapid- 
ly, but upon reaching the interior sur- 
face of the tubing, it again incurs 
difficulty in reaching the refrigerantin 
the system due to such things as gas 
bubbles clinging to the internal surface 
and an oil film on it. 


21-18. COOLING COIL CAPACITIES 


One of the laws of thermodynamics 
(heat in action) is that heat always 
flows from a higher temperature to a 
lower temperature. As in the case of 
the heat leakage, the amount ofthe heat 
leakage depends on four variables (1) 
area, (2) temperature difference, (3) 
thickness of the material and (4) time. 
The kind of material used in cooling 
coils is of utmost importance since the 
materials used must be very good heat 
conductors. 

The heat transmission is through 
various materials. For air cooling 
coils, the heat must pass throughanair 
film on the metal surface, through the 
metal and then through an oil or liquid 
refrigerant film on the inside of the 
coil, Fig. 21-25. 

If the air is moved rapidly, the heat 
flow is greater because, first more air 
contacts the metal per unit of time and 
second the air film is thinner and 
therefore the heat conductivity is great- 
er 

If the oil or refrigerant film is 
moved faster or if it is thinner due to 
greater movement, this also will in- 
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crease the rate of heat flow. 
» Generally speaking, the denser the 
fluid the greater the heat flow, and the 
faster the fluid motion, the peer the 
heat flow. 2 

The U factor for natural convection 
coils is approximately 

1 Btu/sq. ft./F/ hr. 

The U factor for blower coils is 
‘approximately 

3 Btu/sq. ft./F/ hr. 

The U factor for liquid cooling coils 
is approximately 

15 Btu/sq. ft./F/ hr. 


21-19. COOLING COIL AREA 


It is best when calculating or deter- 
mining the capacity of these coils to rely 
on the manufacturer’s specifications 
inasmuch as they obtain their heat 
Capacity values from actual experi- 
mental investigation. Such things as 
poor circulation, frosted fin condition, 
air turbulence around the coil, and even 
the amount of moisture in the air will 
affect the capacity of the coil tremend- 
ously. To calculate the external surface 
area of a coil, care must be taken to 
consider such things as both surfaces 
‘of the fin, the outside surface of the 
tubing (neglect the area where it comes 
in contact with the fins) and the external 
surface of the float chamber. For 
example, to find the area of a coil 
‘Fig. 21-26) with 6-in. x 8-in. fins 
.025-in. thick 10 ft. long, having }-in. 
fin spacings and usingtwo 5/8-in. tubes 
4 in. apart is as follows: 

I, The total number of fins 
10 x 12 x 2 = 240 + 1 (extra end 
| fin) = 241 fins 
Fin area = area of each side of the 
fin minus the area replaced by the 
tubing. 
I]. Area of one fin 
TO? 2x2 _ 


= 86"x6"x2- 


4 
i The 8" x 6" x 2=the gross area of 
both sides of the fin 


21-26. Cooling 


Ill. 


VI. 
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The -77(5/8)2 x 2 x 2=area of hole 


coil fin sample 


specifications for 
problem. 


x 2 holes x 2 sides to the metal 

removed, 

The 77(5/8)? is obtained from the 
4 


formula 

Area of a circle=7r? (r = radius 
and 7 = 3.1416) 

or = Tae = 


2 
7 (a) ne 


4 
a - ie 94.75 sq. in. per fin 
64 


Total fin area = 94.75 x 241= 


22,835 sq. in. 


. Area of 2 tubes 5/8-in. D; 10 feet 


long 2 x75/8 x 120 =15.71 x 30= 
471.3 sq. in. 


. The actual tube area is decreased 


by the thickness of the fins, i.e., 
the following amount: 
Fin contact area 75/8 x .025 x 


2412-15.71 x .025x 24] =12.17 sq. 
in. 

Actualtubearea 471.3 — 12.17= 
459.13 sq. in. 

Tube bend area=length of bend x 
circumference length = 2'’ radius 
X 7 

circumference = 5/8” x 7° 
Areaz= 2” x7 5/8 x77 = 10/8 x 9.87 
- 12.2 sq. in. 
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VII. Total area 22,835 
459.13 
122 
23,306.33 sq. in. 
or in sq. ft. 23,306.33 + 144 
161.85 sq. ft. 

The coil is unable to remove heat 
from the cabinet when the compressor 
is not running. Therefore, the heat 
removing capacity of a coilis calculat- 
ed on the same running time as that of 
the compressor. The allowable cal- 
culated time for the condensing unit to 
run and, therefore, the allowable time 
for the coil to remove heat from the box 
during a 24-hour period, varies between 
14 and 18 hours in commercial ap- 
plications. 

An example of heat transfer ability 
is as follows: What is the capacity ofa 
coil having an external area of 15 
square feet witha refrigerant tempera- 
ture of 22 F., if the average box tem- 
perature is 42 F,? 


21-27. A section through the tubes and fins of a pop- 
ular cooling unit. 
(McQuay Inc.) 


Solution: First, it is known that 1 
square foot will handle 1 BtuperF.per 
hour, This means that 1 square foot 
will handle 6 Btu’s per day based on 16 
hours running time. The refrigerant 
temperature is 22 F.; with the air 
temperature passing over the coil at 


42 F., the temperature difference is 
20 F. If 1 F. temperature difference 
will handle 16 Btu., 20 F. will handle 
320 Btu (20x16), then multiply this 
value by the number of sqaure feet, 
and we have the total capacity of the 
coil per area x time x temperature 
difference. In this case Btu= 1 x 16 x1 
x 20 = 4,800 Btu per 24 hours. 

It is claimed that the maximum 
effective distance that the fin should 
extend from the coil should not exceed 
3 inches, See Fig. 21-27. 


21-20. FROSTING COILS 


A frosting coil is a coil which 
frosts continuously when inuse, operat- 


ing at temperatures always below 32F.; 1 


the machine must be manually orauto- 
matically shut down periodically to rid 
the system of frost. These coils run at 
extremely low temperatures to keep the 
fixture cool, which results in an ac- 
cumulation of frost and ice on them; as 
this accumulation of frost grows thick- 
er, it decreases the cooling efficiency 
of the coil tremendously. These coils 


are used in frozen food fixtures ofall., 


types. 


21-21. DEFROSTING COILS 

Many coils run on what is calleda 
defrosting cycle, that is, when the 
condensing unit is running, the tem- 
perature of the cooling coil is suchthat 
frost accumulates on it, but after the 
compressor shuts off, the coil must 
warm up above 32 F. before the con- 
densing unit will start again. The frost 
accumulation then melts off. This keeps 
the fin surfaces clear and promotes a 
more consistent and efficient heat 
transfer ability of the coil. This is 
done, however, at a sacrifice to tem- 
perature differences between the coil 
and the air in the cabinet and a greater 
coil area is needed to compensate for 
this. The basic calculations are the 
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COILS AND COIL & PAN COMBINATIONS FOR 
8 FT. WALK-IN COOLERS 


COl AND PAN 
COMBINATIONS COILS ONLY 
DIMENSIONS DIMENSIONS. 
BTU HR {SO FY | NO. | MODEL IN IMTHES a IN INCHES 
15°TD | SuRF. [cons] NO. Hkz + NO. 


4 
7 
24 
8 
2 
2 
38 
38 
4 
38 
8 
38 
24 


38 


2 
2 
3 
3 
3 
2 
3 
38 
3 
38 
24 
2 
k} 
24 


vw ww ww vv uv uw 


24 

8 

4 

L: 
24 
38 
24 


24 
24 


1168P 
1178P" 
1188P* 
1268P 
1278P* 
1788P* 
1208P* 
1228P* 
1488P* 
1408P* 
1428P" 
1448P“ 
1688P* 
1608P* 
1628P* 
1648P* 


na MN N u MN YN NY ulin — NY sjun = -nN 


i P = 5 = AT 
ere: All dimensions obove are for one coil and one pon in combination or one 


“coil only. 
Asterisk ("} oppeoring after model number denotes that 2 coils and 2 pans or 2 
¡coils without pans ure supplied by specifying designated made! number. 


COILS AND COIL & PAN COMBINATIONS FOR 
10 FT. WALK-IN COOLERS 


COIL AND PAN 
COMBINATIONS COLS OMY 


DIMENSIONS DIMENSIONS 
IN INCHES IN INCHES 


These recommendations ore for refrigerators constructed with 4” 
cork or equivalent, and are based on 55 degrees temperature 
difference (box to roam temperature) with normol service. 


| 21-28. A table of capacities for a popular non-frost coil. 


same, the only change being a smaller 
temperature difference. 


21-22. NON-FROSTING COILS 


| The non-frosting coils serve the 


‘same heat transfer purpose as the ones 
already mentioned with the exception 
that they operate at a temperature 
which is never below 31 F. This tem- 
perature permits only a very slight 
‘formation of frost which disappears 
immediately when the condensing unit 
stops. 

A non-frosting coil operating with 
natural convection (gravity) and placed 


(Tenney Engineering, Inc.) 


to extensive cooling surfaces at the top 
of a boxis often referred toas a ‘‘flash”’ 
coil. These coils are shallow in depth 
and are usually provided with pans to 
collect drain condersation. 

A typical coil capacity table as 
listed in a catalog of non-frosting 
coils is shown in Fig. 21-28. 


21-23. COOLING COIL DESIGN 


Many types of dry coils are being 
made at present using the following 
combinations: copper tubing and alum- 
inum fins, copper tubing and copper 


fins and aluminum tubing (for 
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ammonia), The fins are usually secure- 
ly bonded to the tubing; however, some 
manufacturers construct the fin to fit 
the tubing with a drive fit. Some 
manufacturers dip the whole coilina 
tinning bath after assembling; others 
use some mechanical device to attach 
the fins firmly to the tubing. Some 


21-29. An illustration showing mechanical means of 
bonding cooling fins to tubing. 
(Peerless of America) 


expand the tubing with a mandrel or by 
hydraulic pressure to expand it against 
the fin. See Fig. 21-29. A method of 
bonding tubing to off-center fins is 
shown in Fig. 21-30. The fin spacings 
vary between 1/2 and 1 1/2 inches. 
This spacing is a means of varying the 
capacity of the coil and is also used to 
compensate for the depth of the coil. 
The deeper the coil, the greater the 
fin spacing to minimize air restriction. 
Coils which have a 6 in. to 8 in. depth 
may be usually found to have 1/2 in. 
spacings and 10 in. and 12 in. depth 
coils will have 1 in. spacings, whereas 
the 18 in. or 20 in. coils will have the 
1 1/2 in. spacings. Fin spacings of 1 
in. or less are said to decrease air 
turbulence. The tubing used in the coil 
is usually 5/8 in. O.D., although 3/4in. 
O.D. tubing is used in the large coils. 
Some companies use one continuous 
piece of tubing for the complete coil; 
others have all bends made separately. 
The bends are silver brazed or brazed 
to the straight lengths. Some companies 
use internal devices inside the tubing to 
swirl the refrigerant to improve heat 
transfer to the boiling refrigerant. The 
refrigerant. fittings to the coil are 
usually 1/2 in. O.D. tubing soldered to 


the 5/8 in. tubing and then flared with an 
external nut mounted onit. Some manu- 
facturers use a 1/2 in. male flare 
fitting, brazed tothe end fin, Fig. 21-31. 
The corners of the fins should be 
braced or reinforced using some 
method to eliminate bending while the 
coil is being installed. This often 
consists of right angle strips either 
clamped or soldered to the fins. Some 
concerns fit a strip of metal into aslot 
cut in the corner of each fin. One com- 
pany uses fins of stamped fluted con- 
struction which enables them to usea 
coil of the same area as other coils in” 
a smaller overall space. | 


l 


21-30. A method of mechanically bonding tubing to 
off-center fins. 
[Peerless of America) 


21-24. COIL MOUNTING 


The coils are mounted inthe cabinet 
either by suspending them from the 
ceiling, by mounting them on pipe, 
which is fastened to the vertical baffle 
and the wall of the cabinet, or by 
mounting them on stands fastened to the | 
horizontal baffle. The thermostatic ex- 
pansion valve may be mounted to the 
top of the coil, allowing the refrigerant’ 
and oil to flow by gravity to the suction | 
line down to the compressor, or the 
expansion valve may be connected tothe 
bottom of the coil making the refriger- 
ant pass upward to come to the suction 
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vices used in attaching refrigeration lines to cooling coils. 


line. The argument for each of these 
installations is that if the expansion 
valve is fastened to the upper part of 
the coil permitting a gravity flow, oil 
binding will be negligible, but the fins 
will be coldest at the topincontact with 
the warm air. If the expansion valve is 
fastened to the bottom of the coil, the 
‘warmer tubing comes in contact with 
the warmer air first, This theory is in 
line with water-cooled condenser effic- 
iencies, but the oil return difficulty 
results in slugging and surging of the 
me ec rant. Having the refrigerant 
pass upward as it goes through the coil 
tends to eliminate frosting down the 
‘suction line in most cases. Both meth- 
ods of installation have their advan- 
tages, Fig. 21-32. 


21-32. An illustration showing the two methods of 
‘mounting a thermostatic expansion valve on cooling coils. 
A. Bottom mounted; B. Top mounted. 


21-31. An illustration of construction of coupling de- 


21-25. FORCED CIRCULATION AIR- 
COOLING COILS 


A forced cireulation coil is one 
having an electric fan mounted in con- 
junction with it in order to produce a 
flow of air past the coil. Velocities of 
44 feet per minute to 2,000 feet per 


21-33. 


A forced convection air cooling coil. 


(Bush Mfg. Co.) 


minute are permissible with 1,000 feet 
per minute being the average value. The 
coils are finned and the spacing of the 
fins varies between 3/16 in. and 5/16 
in. Draining facilities for condensation 
removal must be built into the unit, 
Fig. 21-33. Sometimes motors are 
provided with variable speeds, but itis 
more economical to have a one-speed 
fan. Because of the large amount of air 
striking the coil per unit of time, the 
capacity of the coil in Btu per square 
foot per F. hour is increased re- 
markably. The values naturally vary 
with the air speed and the table, Fig. 
21-34, gives an approximation of 
these changes. So many variables enter 
a calculation of this nature that no 
special values can be given inthis text; 
the manufacturer’s recommendations 
should be followed. The table, however, 
will give one a general idea as to the 
capacity of these coils. For example, 
one coil has a capacity of 4.6 Btu/sq. 
ft./F./ hr. at 240 cu, ft./min, Because 
the forced air puts more heat into the 
coil surface, the fin area is less and 
also the fins do not extend as far from 
the primary surface. 
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Coo.ine 


CAPACITIES 


SURFACE IN 


Motor 


Di- 
.| ameter 


2200 | 4500 


4100 | 


5200 
8300 


7200 
9000 
12300 


6500 | 10500 


17.2 | 145.8 


10000 | 14000 


21-34. A table of forced circulation cooling coil ca pacities. 
(McCord Radiator & Mfg. Co.) 


21-26. LIQUID COOLING COIL 


CAPACITIES 


Liquid cooling coils, regardless of 
their type may be calculated for capac- 
ity on the basis of a factor of approxi- 
mately 10 to 120 Btu per square foot 
per F. per hour. However, the U factor 
varies with the fluid velocity, coil con- 
struction and the total temperature 
difference, Fig. 21-35 shows the aver- 
age values for a certain coil. Some of 
these coils are used to cool a brine 


Water Total Temperature Difference 
Velocity 

6 8 LO I2 i 

150 67 76 83 90 SY 

200 e2 95 103 110 ig 

250 Jy AUS) Mee 

300 WOS MI MOTEO 38 


21-35. The heat transfer for a typical flooded liquid 
cooler using 54" o.d. tubes. (Btu sq. ft. hr F). 


solution which, inasmuch as itis anon- 
freeze solution, does not have any frost 
accumulation problems. Many sub- 
merged coils use a sweet water bathto 
provide an ice holdover around the coils 
and thus maintain a good capacity during 
peak loads. The capacity of these coils 
varies tremendously depending upon 
whether or not they are of the frosting 
type. As one can understand from the 
theory of heat transfer, whenice forms 
around the coil, it necessitates thatthe 


heat go through this extra material in 
order to be removed from the liquid. 
Cooling capacity of the coil is de- 
creased. Furthermore, it makes the 
heat travel through one extra contact 
surface which reduces efficiency. Liq- 
uid cooling coils are used for beverage 


ei = 


cooling and for cooling brines for air . 


conditioning. 
21-27. SPECIAL COIL CAPACITIES 


A considerable variation of cooling 


coil types may still be found in use © 


including: cast metal coils, iron pipe 
coils, brine spray coils, and inter- 
mediate refrigerant coils. The pro- 
blems incurred with these will be the 
same as fhe ones discussed previously. 
The metal used as the refrigerant 


carrying device does not have much. 


effect upon the heat transfer capacity of 
the coil, because its conductivity is 
relatively so much greater than that 
contact between the coil andthe airthat 
it may be neglected, The capacity ofthe 
cast metal coil and the iron pipe coil 
may be calculated exactly the same as 
the method described in Paragraph 
21-19, 

Some installations use brine spray. 


In this system the brine is forced 


through a pipe extending into the cooling 
chamber, and this pipe is perforated 
with a number of fine holes, The brine 
Sprays out of these holes and mixes 
with the air flowing over the baffle 
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Finan 
` TEMP. 


co 


. Office Bu#ding—Employees 50 
. Office Building—Transients 50 


w= 


. Light Manufacturing ....| 50 to 55 
. Heavy Manufacturing 
. Restaurant 


Cafeteria 


. Schools 
Hospitals een ee 


50 to 55 


3 
4 
5 
6. 
7. 
8. 
9. 
0 
1 
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removing the heat. The capacity of 
these systems is calculated upon the 
temperature difference between theair 
in the box and the temperature of the 
brine. It is safe to assume a high 
efficiency of heat transfer for brine 
spray installations. 

The Baudelot Cooler (milk cooler) 
runs water or the liquid to be cooled 
over refrigerant cooled pipes or plates. 
[The liquid being cooled is in the open 
and can be easily controlled. Icing is 
not critical and therefore the liquid can 
be cooled very close to its freezing 
i 


21-28. WATER COOLING LOADS 


| The problem of determining the re- 
‘rigeration load of a water-cooled in- 
stallation is basically a specific heat 
and heat leakage problem combination. 
|The water is cooled to temperatures 
which vary upward from 35 F., and the 
amount of heat removed from the water 
to cool it to a predetermined tempera- 
ture is a simple specific heat problem. 
[The water, being maintained at these 
low temperatures, results in a heat 
leakage from the room into the water, 
and this part involves the heat leakage 
portion of the installation. The two 
major factors to be solved in a water- 


REQUIRED 
er, 


45 to 50 


TotaL Amount or Water Usep 
AND WASTED 


1% gallon per hour per person 

4 gallon per hour for each 250 persons 
per day 

X gallon per hour per person 

l4 gallon per hour per person 

1/:9 gallon per hour per person 

1/\2 gallon per hour per person 

14 gallon per day per room (14 hr. day) 

1 gallon per hour per 75 seats 

1 gallon per hour per 100 customers 
per hour 

lg gallon per hour per student 

1/12 gallon per day per bed 


Note—Total amount of water used and wasted varies with type of installation and kind of service 
This table wil} serve as a basis for determining cooler capacity required 


21.36. A drinking water cooling table giving the values 
of various applications. 
(Temprite Products Corp.) 


cooling installation are determination 
of how much water is tobe consumed at 
the temperature difference desired. 
Fig. 21-36 is a table giving the values 
of these two variables as recommended 
by the Temprite Corp. The temperature 
of the water should be regulated accord- 
ing to the type of work the consumers 
are performing, the heavier the work 
or the warmer the room temperature 
the warmer the water must be. The 
amount of water consumed varies ex- 
tensively in the different applications. 
By using this table for obtaining the 
initial values, the exact heat load is 
easily determined after a very small 
amount of investigation. For example, 
item No. 4 in the table points out that 
for heavy manufacturing the water tobe 
consumed should be kept within 50to 55 
F., and that 1/4 gallon per hour per 
person will be consumed. A production 
foundry may be classed as heavy manu- 
facturing. 

If a foundry employs 50 men fora 
period of 8 hours, the water load per 
day would be 50 x 8 x 1/4, which 
would represent 100 gallons quantity 
of water to be cooled per 8 hours, If 
the city water is at a temperature of 
75 F. in the pipes it must be cooled 
20 F. to reach the temperature of 55 F. 
There are 8.34 pounds of water in 1 
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gallon and the specific heat load would 
therefore be as follows: 


Btu= specific heat x weight x tem- 
perature difference, therefore, 

Btu=1 x 100 x 8.34 x 20.= 16,680 
Btu per 100 gal. water. 

The heat leakage for this particular 
problem is determined by the external 
area of the insulated parts of the sys- 
tem. One to three inches of cork are 
common thickness for water-cooling 
insulations with ice water thickness 
insulation being standard at 1 1/2 in. 
The heat leakage is calculated identi- 
cally with that of the heat leakage for 
cabinets with the exception that this 
insulation does not have wood oneither 


milk, solids, fat, sugar, gelatin, and 
water and, after mixing, the product 
is cooled to about 27 F. and frozen. It 
is then cooled rapidly to anywhere 
from -20 F. and is maintained between 
0 to 5 F. if brick; or 5 to 12 F. if bulk; 
until it is dispensed. The heat values of 


the various ice creams vary, but the 
average values are: The specific heat 
of the mix before freezing is 0.80 and 
the latent heat at 27 F. is about 90 
Btu per pound. The specific heat of 
the frozen ice cream is 0.45. The 
weight of the original mix is about 9 
pounds per gallon; but on freezing, it 
expands and comes to a density of 5 
pounds per gallon, if simply flavored 


Gallons per Hour To Be Circulated per 100 Feet of Pipe to Hold Temperature 
Rise Within 5° F. Add This Amount to Usage Fig. 21-36 


TEMPERATURE DIFFERENCE BETWEEN 
Room axp CirncULaTInG WATER 


21-37. A table showing heat gain through insulated 
cold water pipes. 
(Temprite Products Corp.) 


side; the cork acts as the only insula- 
tion. The example described above 
deals only with a unit installation. 

Many water-cooling installations 
involve the circulation of the refrig- 
erated water to the various fountains, 
The heat leakage load in a case of this 
kind is calculated on the basis of 
gallons of water per hour to be cir- 
culated through the system to maintain 
satisfactory temperatures. 

The table Fig. 21-37 illustrates 
the tabular method of computing this 
load. 


21-29. ICE CREAM COOLING LOAD 


Ice cream is manufactured from 


and to 6 pounds per gallon, if it con- . 
tains fruits or nuts. The heat load of 
cooling a mix and freezing it is easily 
calculated from the above. 


The next problem is to determine 
the size of unit to maintain ice cream 
in its cabinets during the dispensing of 
the cream. Normally an ice cream 
cabinet is designed to hold brick ice 
cream and flavored ice creams next to 
the cooling coil; but many cabinets, 
especially the recent dry coil models, 
need separate cooling units for the two 
types. Vanilla ice cream may be kept 
at the warmest temperature, while 
chocolate ice cream must be kept very 
close to britk temperatures to keep it 


538 


COMMERCIAL CALCULATIONS, HEAT LOADS 


' from becoming soft. Old cabinets used 
“the low side float refrigerant control 
and a brine tank exclusively, while at 
present self-contained models use 
either the high side float; the automatic 
expansion valve, or the capillary tube. 
Multiple systems use thermostatic ex- 
pansion valves with the refrigerant 
tubing soldered to the ice cream com- 


R.P.M. Cooling Coil B.T.U./hr. 

Temp. 

AS 11000 

40 10200 

475 35 opna 

, 30 8530 

25 TPO 

25 8700 

20 7960 

540 15 7200 

10 6430 

5 9740 

O 5100 

O 5780 

-5 5700 

| 665 O 4430 

-15 3820 

-20 3280 

-25 2800 


21-38. A capacity table for a one H.P. condensing unit 
—air cooled—90 F. ambient temperature. 


partment sleeves. Metal finished cab- 
inets with 3 in. to 4 in. of slab cork 
well sealed from moisture are used. 
The ice cream is delivered at the 
correct temperature, and the heat load 
is, therefore, composed only of leakage 
and air entering when the covers are 
removed. The tables (Figures 21-4and 
21-5) may be used to calculate the heat 
leakage for the lack of wood covering. 
Use the external area and add 20 per 
| cent to take care of the cover openings. 


21-30. CONDENSING UNIT 
CAPACITIES 


After the heat load has been deter- 
“mined for a refrigerator, and after a 
cooling coil has been selected for this 
cabinet, a condensing unit must be 


chosen to balance the cooling coil 
Capacity. 

The condensing unit must matchthe 
cooling coil capacity in two ways: 

(1) It must operate at the lowside 
pressure that corresponds tothe 
refrigerant temperature in the 
cooling coil. 

(2) It must remove all the heat that 
the cooling coil removes in the 
Same running time as was de- 
termined for the cooling coil. 

When choosing the condensing unit 
one must find out if the condensing unit 
is to be water-cooled or air-cooled, 
whether it is to be a hermetic unit or 
conventional unit and what the available 
electric power is (such as 110 or 220 
volt, single phase or 220 or 440 volt, 
three phase). 

Fig. 21-38 is the table of data ona 
typical condensing unit. This is an air 
cooled unit with a 1 H.P. motor and it 
has a 2 cylinder compressor with a 
2-in, bore and a 2-in. stroke. 

If the cooling coil was selected on 
the basis of a 15 F. temperature dif- 
ference and a 16 hour running time, 
this means that if the cabinet is to 
operate at 38 F. the refrigerant tem- 
perature will be 38-15 or 23 F. If it is 
a F-12 refrigerant unit, the condensing 
unit capacity must be matched to a low 
side pressure of 23.2 psi. 

21-31. REFRIGERANT PROPERTIES 

To understand the operation of the 
condensing unit as to the compressor 
capacity and motor capacity, it is 
necessary to have a good understanding 
of physical properties of refrigerants 
and how the refrigerant does its work. 
The refrigerant gas is taken up by the 
compressor, and a pressure is imposed 
upon it to convert it toa high pressure, 
high temperature condition. This action 
introduces a small amount of heat 
energy to the refrigerant from the 
motor and puts it in a condition so that 
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it may be converted from a gas to a 
liquid again. It is now necessary to 
determine how large a compressor is 
needed to produce a certain amount of 
refrigeration, and how large amotoris 
needed to drive this compressor. 

To understand how these values are 
determined it is necessary to under- 
stand the heat behavior of the refrig- 
erant. The refrigerant cycle is simple. 
The refrigerant is admitted into the 


21-39. A refrigerating hee showing the approximate 
temperatures of the refrigerant in the various parts 
of the system. 


cooling coil in the liquid state and at 
near room temperatures. The vaporiz- 
ing of some of it under the low pressure 
in the coils cools the remainder of the 
refrigerant to the desired refrigerating 
temperatures, and then as the remain- 
der of the refrigerant evaporates, it 
removes heat from the cabinet. The 
total amount of heat absorbed is the 
LATENT HEAT of vaporization, while 
the amount of heat absorbed from the 
cabinet and coil is the EFFECTIVE 
LATENT HEAT. 

The refrigerant gas formed on ev- 
aporation passes down the suction line; 
as it does soit remains at almost the 


same pressure but it usually warms up 
somewhat (about 10 F.). The condition 
of a gas warming up after it has 
vaporized is called superheating of the 
gas. The degree of superheat is the 
temperature difference between tem- 
perature of the gas at the compressor 
and its corresponding pressure. 

The compressor then takes the 
slightly superheated gas and converts 
it into a high temperature, high pres- 
sure gas; the temperature sometimes 
becomes as high as 180 F. depending 
upon the refrigerant and conditions, The 
gas is still in the gaseous state, and 
the increase in temperature means that 


— 


the gas is more superheated than ever, | 
This superheated gas passes to the 
condenser and loses its heat to the air . 


or water and cools down to its vapor 
pressure temperature. 
pressure temperature is above that of 


the room, it starts losing some latent 
heat of evaporation; the quantity of heat 


If the vapor . 


it loses determines the amount of the . 


gas that will condense into a liquid. 
After it has liquefied, the liquid cools 
down to room temperatures; then it 


— 


goes on to the refrigerant control to: 


have its pressure reduced, to be cooled, 
and to vaporize, 
cycle. See Fig. 21-39. 


21-32. PRESSURE—HEAT CHART 


To study the behavior of this re- 


thus repeating the 


frigerant more accurately, we will base 
our discussions of it upon 1 pound of © 


the refrigerant regardless of its state. 
The discussion will deal only with the 


pure refrigerant, neglecting the effect é 


of lubricating oils and otherinfluences. 
The chart, Fig. 21-40, shows the be- 
havior of one pound of refrigerant ina 


PE 


refrigerating machine. The horizontal | 


scale shows the amount of heat present 
in 1 pound of refrigerant at all times 
and under all conditions; whereas the 
vertical scale shows the pressure im- 
posed upon it. This graph is commonly 
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| 
21-40. A pressure-heat diagram for Freon-12. The saturated liquid curve represents the heat in the liquid at the 


various pressures before it will start vaporizing. The saturated vapor curve represents the division between the 


super heated gas and where the gas starts condensing into a liquid. 
(American Society of Refrigeration Engineers] 


called a pressure-heat chart. Using 

this chart as a basis for discussion, 

‘one will note that as the refrigerant 
vaporizes at a constant pressure it 
passes horizontally from B to D. This 
line indicates the vaporization of the 
refrigerant from a liquid into a gas in 
the cooling coil. The distance D to E 

‘represents the heating of this gas into 

f superheated condition as it passes 
down the suction line. Note that only a 

few Btu's of heat have been added. 

Point E is the condition the gas is in 
|when it is taken by the compressor and 
compressed. Note how the pressure 
‘increases rapidly and how a few Btu’s 
of heat are added to the gas. The gas is 
now considerably superheated. 

\ Point F represents the condition of 
the gas as it leaves the exhaust valve 
of the compressor. The distance be- 
tween F and G is the cooling of this 

|superheated gas down to the point where 
it starts to condense. The line GtoA 

p represents the condensation of the re- 

_frigerant in the condenser from a gas 

into a liquid. Point A represents the 

¡amount of heat in the liquid and the 
pressure imposed on the liquid as it 
‘forms in the condenser. From A to H 
is the loss of heat from the liquid as it 
‘passes up the liquid line to the re- 

_ frigerant control. Point H to C re- 


presents the throttling of the liquid 
upon passing through the refrigerant 
control, and the cycle is ready to be 
repeated for the one pound of re- 
frigerant. 

Note that the distance C to D does 
not represent the total LATENT HEAT 
of the liquid at the low side pressure 
condition. This means that F-12 which 
has a latent heat of 70 Btu per pound 
at 5 F. will not remove all of that heat 
from the cooling coil because some of 
it (approximately 19 Btu) is used to 
cool down the liquid refrigerant to the 
5 F. temperature before it can vapor- 
ize. The 51 Btu remaining is called the 
EFFECTIVE LATENT HEAT or the 
EFFECTIVE REFRIGERATING CAP- 
ACITY. 

This pressure-heat chart is an 
important graph of the physical pro- 
perty changes of a pound of a re- 
frigerant as it passes around the re- 
frigerant cycle. 

A thorough knowledge of this chart 
is very helpful to the technician and to 
the service man. 


21-33. PRESSURE—HEAT AREAS 


The chart is divided into three main 
areas. To the left of the saturated 
liquid line all of the pound of refriger- 
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ant is liquid. See Fig. 21-41. Between 
the saturated liquid line and the satur- 
ated gas line the one poundis a mixture 
of liquid and gas. Close tothe saturated 
liquid line, the pound is almost all 
liquid and close to the saturated gas 
line the pound area is superheated gas. 


21-34. CONSTANT VALUE LINES 
OF PRESSURE—HEAT CHART 


Many facts can be read from the 
chart, Fig. 21-42, Along any vertical 
line the heat in one pound of refrigerant 
is the same orconstant.(A) Any horiz- 
ontal line has the same or constant 
pressure, (B) The line along which the 
temperature reading is the same is 
almost vertical in the liquid area, is 
horizontal in the liquid-gas area, and 
Slants down and to the right in the 
superheated gas area (C). Refrigerant 
quality means how much of the pound of 
refrigerant is liquid and how much is 
gas. Ten percent (10%) quality means 
the pound is 10% gas and 90% liquid. 
The line showing the quality at various 
pressures is shown at (D). 


21-35. LATENT HEAT 


The value of the latent heat of the 
refrigerant when vaporizing and when 
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21-41. A pressure heat diagram. It should be noted 

that as heat is subtracted the refrigerant becomes a 

liquid and as heat is added the refrigerant becomes 
a gas. 
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condensing in a refrigerating machine 
is different. At the lower pressure 
(vaporizing), as one may See from Fig, 
21-43, the total latent heat to be added 
to the liquid to vaporize it is more than 
that needed to be subtracted to con- 
dense it into a liquid at the higher 
pressure. The explanation for this is 
that the liquid, when formed, is at a 
higher temperature than the liquid at 
the vaporizing pressure. This differ- 
ence is represented by the specific 

heat of the refrigerant multiplied by the! 
F. temperature difference for the two. 
conditions. 

The actual cooling or amount of: 
heat removed is not equal to the latent 
heat of the refrigerant at the lower! 
pressure but is somewhat less, and the 
actual heat removing ability is called 
the EFFECTIVE LATENT HEAT. 
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21-42. A pressure heat diagram. Line A indicates a 
constant heat condition with pressure change. Line 7 X 
indicates a constant pressure line and the condition of. 
the refrigerant with changing heat content. The constant ' 
temperature line C indicates conditions of equal tem- i: 

perature with changing pressure and heat. i 


f 

The effective latent heat of the 
refrigerant, when vaporizing, is the . 
total latent heat at the low pressure l 
minus the difference in the heat content ` 
of the two liquids at the high pressure 
and low pressure. This is because theg 
high pressure liquid, when throttled 
in the refrigerant control, must be 
cooled down to the low pressure tem- 
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perature liquid before it can vaporize 
and remove heat from the surrounding 
substances, Part of the liquid vaporizes 
in order to cool its own liquid to the 
lower temperature. The gas formed 
during this operation is called ‘‘flash 
gas.” The effective latent heat is an 
average value because the low side 
pressure varies somewhat during the 
operation of the system, due to the oil 
in the system, and because ideal con- 
ditions cannot be maintained, For F-12 
the latent heat of vaporization at 5F,is 
79 Btu per pound but its actual heat 
absorbing ability is only approximately 
51 Btu per pound. 


21-36. SATURATED GAS 

| A saturated gas is a gas in sucha 
condition that if a little heat were 
removed from it, some of the gas 
would condense. An example of a sat- 
urated gas is illustrated in a refriger- 
ant cylinder half full of liquid re- 
frigerant. The gas in this space is 
Saturated gas. This leads to another 
definition that saturated gas is a sub- 
Stance in a gaseous form in the pre- 
sence of some of its own liquid. When 
the refrigerant vaporizes inthe cooling 
a it is a saturated gas at first; but 
as this gas passes down the suction 
line to the compressor, it usually be- 
comes warmer by 5 F. to 15 F. This 
ladditional heat and increase in tem- 
‘perature is called superheating the 
gas; that is, it is raising the gas above 
a saturated condition forthis pressure, 
and the gas will now obey Charles’ and 
Boyle’s Laws. 


21-37. SUPERHEATED GAS 


/ A superheated gas is gas in sucha 
‘condition that if some heat were re- 
moved from it, the volume of the gas 
‘would decrease, but there would be no 
‘condensation. The gas that the com- 
pressor handles is always superheated 


unless a conditionarises wherein liquid 
refrigerant is admitted to the crank- 
case. The low pressure superheated 
gas, when it enters the compressor, is 
compressed; the energy, put into it by 
the compressor, increases the tem- 
perature and pressure on this gas 
tremendously. The amount of superheat 
is increased. This superheating of the 
gas lowers the efficiency of a machine 
and the less the superheating, the more 
efficient the machine will be. The heat 
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21-43. A pressure heat diagram. A. Liquid boiling in 
the cooling coil, the pressure and temperature are con- 
stant, heat is being added to the refrigerant. B. The 
compressor raises the pressure to the condensing pres- 
sure, the heat of compression is added and the temper- 
ature rises. C. The condenser cools the hot to the 
saturated gas line and then condenses it into liquid, the 
pressure is constant and heat is removed. D. The re- 
frigerant control reduces the pressure very quickly, the 
temperature drops as some of the liquid refrigerant 
"flashes" into gas. 


added to the gas is the mechanical 
energy of the compressor being con- 
verted into heat energy; by knowing 
how much heat has been added, one may 
calculate the size of the motor neces- 
sary to drive the compressor. 


21-38. SPECIFIC HEAT 


The specific heat of a substance is 
the amount of heat necessary to raise 
the temperature of 1 pound of that 
substance 1 F. 

Substances may exist in three dif- 
ferent states (solid, liquid, and gas). 
Every substance has three different 
values for its specific heat, depending 
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on whether it is a solid, a liquid, ora 
gas. The specific heat of the gas may 
be found subdivided into the specific 
heat under a constant pressure, or the 
specific heat under a constant volume. 
The specific heat of a gas under 
constant pressure is more than that of 


RECEIVER ANO 
BIDLI wipe 
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21-44. A pressure heat diagram. The dotted line indi- 
cates the pressure-heat change through the refrigeration 
cycle. 


PRESSURE —— 
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21-45. A pressure-heat diagram showing the effect of 
insufficient refrigerant in the system. 


the same gas under constant volume, 
because when a gas is heated with a 
constant pressure being maintained 
upon it, the gas expands and does 
external work. This external work 
naturally necessitates an additional 
quantity of heat. 

When a compressor compresses 1 
pound of the refrigerant gas, it does not 
add heat to it underaconstant pressure 
or constant temperature condition. This 
state of affairs in the compressor is 
called adiabatic compression, mean- 
ing that no heat has been removed from 


Ce LINE 


the gas as it was compressed, Actually 
a refrigeration compressor operates 
almost adiabatically because the com- 
pression takes place so rapidly. 

The specific heat of liquid refrig- 
erants varies considerably, depending 
on the pressure imposed upon them. 
The pressure to which the liquid re- 
frigerant is subjected inthe condenser, 
after it has condensed, must be deter- 
mined to calculate how much heat must 
be removed from 1 pound of the liquid 
to further cool it to room temperature. 

After the refrigerant passes through 
the throttling valve, it is subjected toa 
new pressure which is lower. One must 
now determine the specific heat of 
liquid under this new pressure to find 
out how much heat must be removed 
from it to cool it down to the vapor- 
izing temperature. 

If the liquid refrigerant is cooled 
before it is admitted through the re- 
frigerant control valve, it willincrease 
the efficiency ofthe system, Fig. 21-44. 
This device is incorporated in many 
water coolers and it is the reason for 
running the liquid and suction lines 
together. They are sometimes soldered 


together. These devices are called heat | 


exchangers. 
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21-46. A pressure-heat diagram showing the effect of 
air in the system. A. Indicates the increase in head and 
exhaust value temperature. 


21-39. EFFECT OF LACK OF 
REFRIGERANT 


If the system is undercharged, the 


one pound of refrigerant does not 
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completely liquefy before it passes 
through the refrigerant control, (A) 
Figure 21-45. The result is two fold. 
First the effective latent heat is re- 
duced by the amount {fndicated by the 
‘loss’? and more gas has to pass 
through the refrigerant control reduc- 
ing its capacity and the extra quantity 
of gas increases the wear on the re- 
frigerant control. 


21-40. EFFECT OF AIR 
IN SYSTEM 


Air in the system increases the 


total head pressure. However, the re- 
frigerant will condense at the tempera- 
mere and pressure as if it were in the 
condenser alone (Dalton’s Law). The 
total head pressure being higher, the 


compressor has to pump the cylinder 


gas to a higher temperature and pres- 
Sure, (1) Fig. 21-46. The additional 


heat added to this is a ‘‘loss.’' Also 


the cylinder head (especially the ex- 


haust valve) and the top tube of the 
condenser will be at above normal 


condensing temperatures. These above 
normal temperatures also tend to cause 
the oil to deteriorate. 


) 
121-41. THE EFFECT OF HEAT 


‘ 


| 


uy 


f 
| 


| 


EXCHANGER 


The suction line gas as it leaves 
the cooling coil, travels down the 
Suction line and into the compressor 
usually warms up somewhat, (A) Fig. 
21-47. Because the low pressure gas 
picks up this heat in most cycles, it is 
more efficient to remove the heat from 
some part of the cycle. This heat 
exhange is done by putting the suction 
line gas in thermal contact with the 
liquid refrigerant just before the liquid 
goes into the refrigerant control. 

This action removes the heat at (B) 
and the result is a gain in effective 
latent heat and a reduction in ‘‘flash 


gas” which will increase the life of the 
refrigerant control. 


PRESSURE —— 
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21-47. A pressure-heat diagram showing the effect of 
the use of a heat exchanger. A. Shows a slight amount 
of decrease in intake pressure and temperature. B. 
Shows the amount of heat gain. In addition to the heat 
gain there is a reduction of flash-gas; this improves the 
operation of the refrigerant control. 


21-42. EXCESSIVE CONDENSING 
PRESSURE 


If the condenser is dirty (internally 
or externally) or if the condenser is 
undersize, the head pressure and tem- 
perature will be above normal, Fig. 
21-48, The higher temperature condi- 
tions will cause the compressor to 
pump to this higher pressure and tem- 
perature and the extra heat of com- 
pression added is a ‘‘loss"' (A). And if 
the liquid does not sub-cool to room 
temperature an additional loss is en- 
countered in a decrease in effective 


PRESSURE —— 


21:48. A pressure-heat diagram showing the effect wil 

dirty or undersize condenser or above Mees ea 

temperature. A. Indicates the loss due to the "E 

sary added heat of compression. B. Indicates a F i 

effective latent heat of the liquid. C. mee g pas 

due to the work done to compress the gas at the highe 
pressure. 
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latent heat and an increase in flash 
gas (B). 


21-43. COMPRESSOR CAPACITIES 


As mentioned previously the com- 
pressor is the heart of the machine; it 
is the mechanism used toimpart energy 
to the refrigerant to enable continuous 
refrigeration. The compressor is the 
means whereby the mechanical energy 
produced inthe electric motor is con- 
verted into heat energy in the re- 
frigerating machine. 

The most efficient construction pos- 
sible is to have a compressor built 
large enough just to handle the amount 
of refrigeration necessary. If the com- 
pressor is too large, energy is lost in 
excess friction, starting energies, etc. 
If the compressor is too small, it will 
not produce the amount of refrigeration 
required. 

Basically, the compressor must 
remove the gas sufficiently fast from 
the cooling coil to enable the refriger- 
ant to vaporize at low pressure. To do 
this it must remove the refrigerant 
vapor as fast as heat goes into the 
cooling coil and vaporizes it. 


The method of determining the com- 
pressor size may be simply stated as 
follows: A cooling coil is designed to 
remove a certain amount of heat overa 
16 hour running period; this amount 
being dependent upon the factors de- 
scribed in previous paragraphs. Letus 
say that the effective heat removing 
ability of the refrigerant is 50 Btu 
per pound, meaning that as each pound 
of refrigerant vaporizes in the cooling 
coil it picks up exactly 50 Btu of heat 
from the coil itself. To remove this 
amount of heat from the coil, the com- 
pressor must handle allthe gas formed. 
Refrigerant tables give us values called 
specific volumes. These specific vol- 
ume values mean that at that certain 
pressure 1 pound of the refrigerant 
vaporizing will form a certain number 


of cubic feet of gas. For example, if 
1 pound of F-12 vaporizing at 9.17 psi 
pressure and 0 F, forms 1.637 cubic 
feet of gas in 10 minutes, the com- 
pressor, in order to remove the same 
amount of heat from the cooling coil 
during the period that the cooling coil 
removes its heat from the cabinet, 
must remove the 1.637 cubic feet of gas 


in 10 minutes. 
How largeacompresscr is needed to 


do this depends upon the following, 
compressor factors: the volume pump- 
ed per stroke of the piston, which is 
dependent upon the bore, stroke, num- 
ber of cylinders, the speed of the come, 
pressor in revolutions per minute, and 
the volumetric efficiency. 

As the crankshaft of the compressor 
completes one revolution, the piston. 
reaches the lower dead center of its 
travel, and the low pressure gas fills! 
up the space between the top of the 
piston and the head of the cylinder., 
As the crankshaft completes its revolu- 
tion, the piston compresses this gas 
and pushes it through the exhaust 
valve into the high pressure side of the, 
system. The volume handled in each: 
case is the volume displaced by the 
piston as it moves from upper dead 
center to lower dead center. This: 
volume may be calculated by the follow- 
ing formula. i 
V=irxD2xSxNxR 

4 
V =Volume in cu. in. 
S =length of stroke in in. 
D = Diameter of cylinder 
N =Number of cylinders 
R=R.P.M, 
This formula simply calculates the 
area of the piston head TD?) and then 

4 

multiplies it by the length of the stroke 
producing the displacement volume in 
cubic inches. Now, if this is multiplied 
by the number of cylinders used, and 
the revolutions per minute of the com- — 
pressor, the total volume in cubic 
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inches pumped per minute will be 
obtained. 

Example: How much gas will a 2 
cylinder compressor pump if it has a2 
inch bore, a 2 inch stroke and operates 
at 400 R.P.M. Using the above formula: 
Va7xD2x2x2xR 

4 

— 3.1416x4x4x400 =3.1416x4x 

Š 4 
400 = 3.1416 x 1600 = 5026.56 cu. 
in./min. 

3.1416 x 2 x 400 
3.1416 x 800 
in cu. ft., the volume is (1728 
cu. in. =1 cu. ft.) 
v — 5026.56 -2.95 
1728 
2.95 cu. ft./min. 


Illustration problem: 


Calculate the bore and stroke ofa 


single cylinder compressor which, op- 
erating at 300 R.P.M., will compress 
the refrigerant gas formed by vapor- 
izing 1 pound of sulphur dioxide at 


| 


0 pressure (5.2 cubic feet) in 10 
minutes. 
Solution: 
v= 5.2 cu, ft.=5.2 x 1728 cu.in. percu. ft. 
— 8985.6 cu. in. 
10 
‘Volume pumped per min, — 8985.6 = 
10 
898.56 cu. in. 


Using the formula 
V =D2 x Sx N x R =898.56 cu. in. 

Í 4 
| Compressors are usually designed 
with a bore equal to the stroke. So in 
formula becomes: 
V-7D3 x N x R =898.56 cu.in. 

4 

D3_898.56 x 4 = 3.81 cu. in. 
300 x 1x 7 
D= =S=1.56 in. approximately. 
However, this value obtained is the 
` theoretical amount of gas pumped by 
i compressor. Actually, the amount 
| is much less and the actual amount 


depends upon the volumetric efficiency 
of the compressor. See next paragraph. 


21-44. VOLUMETRIC EFFICIENCY 


If a refrigerating unit is maintaining 
a 90 psi head pressure and a 0 psi low 
side pressure, the following things are 
evident: When the piston is on its up- 
ward stroke, it compresses this 0 gas 
until the pressure of the gas in the 
cylinder reaches 90 psi. When this 
pressure is reached, the gas should 
start passing through the exhaust valve 
into the condenser. However, inaddition 
to reaching this high side pressure, it 
must overcome the exhaust valve spring 
tension or weight. This means an 
additional very slight increaseinpres- 
sure. 


Further, after the piston reaches 
upper dead center, there is still a 
little volume of the gas between it and 
the exhaust valve. This space is neces- 
sary because if no clearance were 
left between the two, when the piston 
came up it would pound against the 
cylinder head. This little volume of gas 
is under a high pressure of 90 pounds 
per square inch or more, and as the 
compressor piston goes down to re- 
ceive a new charge of gas, this high 
pressure gas expands and partially 
fills the cylinder chamber. This residue 
gas decreases the amount of gas that 
may come into this chamber from the 
low pressure side of the system. This 
necessary space is called clearance 
volume. This volume varies between 
4% and 9% of the piston displacement. 


Also at speeds of 300 revolutions 
per minute or more, the piston is 
traveling so fast that the inertia or the 
inability of the gas to move fast enough 
prevents it from filling the cylinder 
chamber completely and losses are en- 
countered in this manner. The difficulty 
gas encounters going through small 
openings, etc., is called wire drawing. 
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The pressure in thecylinder never gets 
as high as the pressure in the suction 
line. One can see from this that the 
higher the speed of the compressor, 
the less gas will be pumped per stroke. 

Just as the exhaust valve offers a 
restriction to the gas flow, so does the 
intake valve with its tension and the 
weight of the valve parts. 

The compressor runs at a relative- 
ly warm temperature and some of this 
heat warms the gas as it enters the 
cylinder, causing an expansion which 
also interferes with a complete load of 
gas entering the cylinder. 


Other losses, such as the leaking of 
the gas past the piston and rings into 
the crankcase, etc., also explains why 
compressors cannot pump the amount of 
gas as calculated by using the bore and 
stroke formula. 


The term, VOLUMETRIC EFFIC- 
IENCY, IS DEFINED AS THE RATIO 
BETWEEN THE VOLUME ACTUALLY 
PUMPED PER REVOLUTION DIVIDED 
BY THE VOLUME CALCULATED 
FROM THE BORE AND STROKE AND 
R.P.M, 

For small compressors used in 
domestic refrigeration, having bores 
and strokes of 1 1/2-in. or there- 
abouts, the volumetric efficiency varies 
from between 40 per cent and 75 per 
cent with 60 per cent being a fair 
medium value. The larger commercial 
compressors depending upon their size 
and speed have volumetric efficiencies 
between 50 per cent and 80 per cent 
with 70 per cent being a fairvalue. The 
60 per cent to 65 per cent volumetric 
efficiency should be used if the unit is 
air-cooled, 


If the compressor explained in 
Paragraph 21-43 has a volumetric 
efficiency of 60 per cent the size ofthe 
compressor would be increased as 
follows: 

As calculated in Paragraph 21-43 
D3 =3.81 


D3 corrected — 3.81 =6.35 cu. in. 


D corrected = 1.85 in. 

or a bore and stroke of 

17/8 in. x 1 7/8 in. would be required. 
Note that the correction for volumetric 
efficiency was made on the displace- 
ment volume of the cylinder and not on 
the calculated bore and stroke. 


The volumetric efficiency ofa com- 
pressor is very dependent upon the 
relative difference between the low side | 
pressure and the high side pressure of 
the machine. For instance, in a F-12 
machine when being used for domestic | 
purposes, the compressor willbe more 
efficient than if it were converted over 
into an ice cream system, because the 
decrease in low side pressure from 13 
psi down to 0 psi with the same head 
pressure, reduces the actual pumping |Í 
capacity of the compressor tremend- 
ously. The low pressure gas is expand- 
ed so that when the cylinder is filled 
at the low side pressure, only a very 
small amount, by weight, is represent- 
ed. It may be judged from the various 
items affecting efficiency that increas-' 
ing the head pressure, increasing the ` 
speed using thicker gaskets, and over-_ 
heating the compressor will all reduce 
the compressor pumping ability. 


21-45. MOTOR SIZES 


The size of anelectric motor neces- 
sary to drive a compressor in a re- 
frigerating machine may be calculated 
on two basically different plans. (1)! 
The horsepower of the motor may be 
calculated by determining the H.P. put 
into the compressor, This H.P. is 
based upon the speed of the compressor 
and the mean effective pressure (M.E. 
P.) of the gas in the compressor. (2) | 
The size of the motor may be deter- 
mined by using the amount of heat 
added to the gas in the compressor as 
the energy taken out of the motor. 
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21-46. MOTOR SIZES (MEAN 
EFFECTIVE PRESSURE 
METHOD) 


The M.E.P. of the gas is the med- 
ium pressure bearing down” upon the 
piston head, and it is the pressure tobe 
overcome by the electric motor when 
driving the compressor. The M.E.P.is 
determined by a formula which usesas 
the basic variables the low side pres- 
sure, the high side pressure, and the 
ratio of the specific heat of constant 
pressure to the specific heat of con- 


€ 
stant volume = for the kind of refrig- 


v 
' erant. This formula is as follows: 


K-1 
K BI = 
(3 JK -1 


ooo =P, x El 


suction pressure, psia 
condenser pressure, psia 


IP} 
I Po 


C 
Ik =-= (1.20 for methyl chloride) 
V See Chapter 8. 


This value when multiplied by the 
area of the piston, by the length of the 
, Stroke, and by the R.P.M. will give the 
foot-pounds per minute needed todrive 
the compressor. 

Ft.-lb. per min. = M.E.P. me SxN 
l 4 
xR 

Convert the foot-pound per min. 
ito H.P. by dividing by 33,000. 
ft. # / min 

33,000 


The M.E.P. may be determined from 

ithe above or may be determined by 

obtaining the indicator card ofthe com- 

pressor being studied. Engineers hand- 

a: set forth the methods of using 
and obtaining indicator cards. 

For example: If the indicator card 
shows a M.E.P. of 30 pounds per 
Isquare inch the indicated H.P. neces- 
\Sary to drive a 1 cylinder compressor 
with a 2-inch bore and a 2-inch stroke 

j running at 200 R.P.M. would be as 


I P. = 


follows: 


H.P, = 30 x 2 x 200 x T x 2? 
12 x 33000 x 4 


—ITXx8x T 10x 7 _31.416_ .0952 
Too 330 £330 °° 
or 1/10 H.P. 


This is the theoretical H.P. and neg- 
lects friction, oil pumping, starting 
load, drive losses, etc. Up to a 1 ton 
machine one should double this H.P., 
i.e., 1/4 H.P. calculated will need a 
1/2 H.P. motor. Up to 5 tons this ratio 
gradually tapers off to adding 30 per 
cent at 5 tons capacity to take into 
consideration the above losses. The 
reason for the decrease is that some of 
the losses remain constant, while 
others do not increase as rapidly in 
proportion to the increase inthe size of 
the unit. 


21-47. MOTOR SIZE (HEAT INPUT 
METHOD) 


From the pressure heat charts, one 
can readily determine the amount of 
heat (Btu) added to a gas when com- 
pressed by the compressor. Referring 
to the F-12 pressure heat chart (Fig. 
21-31), one will notice that approxi- 
mately 10 Btu are added to the 1 pound 
of gas if the low side pressure is 1081 
psi and the high side pressure is 93.2 
psi gauge. 

It is known that 2545.7 Btu per hour 
is equal to 1 H.P. and is also equal to 
746 watts. 

For example: 

Calculate the H.P. required to drive 
the above compressor. 

10.0 Btu are added per pound. 

Suppose 1 pound of refrigerant is 
compressed in 2 minutes. 


0.0 D 

The Btu rate per hour = ; x 60 = 
300 Btu per hour. 

The H.P. required (Btu method) = 


-e 


H.P. = 1/9 H.P. 
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This is the mechanical equivalent of the 
heat energy put into the gas; if the 
compressor friction were Oand the belt 
drive were 100 per cent efficient, this 
would be the size of the motor necessary 
to drive the compressor. However, one 
must add about 50 per cent to this 
value to allow for compressor friction 
and belt efficiency. This would require 
about 1/6 H.P. 


21-48. MOTOR DRIVES 


Three means have been used for 
connecting the electric motor to the 
refrigerating compressor. In their or- 
der of popularity, these are: the belt 
drive, the direct drive, and the gear 
drive. The belt drive may be further 
subdivided into a single V-belt, single 
flat belt, and multiple V-belt. The 
multiple V-belt is the most popular 
drive at the present time, and from 
two to ten belts are used as the driving 
medium with two to four belts being the 
most prevalent. This method of drive, 
when correctly adjusted, is between 95 
per cent and 97 per cent efficient. 
This type of drive will maintain its 
efficiency over a greater range of belt 
tautness than any other drive; because 
of this and because the belt will not 
jump, it is the most generally used. 

Direct drives are universal in her- 
metic units regardless of theirsize and 
have been used frequently in small con- 
ventional units. The drive is very 
efficient, but such factors as the dif- 
ficulty of alignment, the excess torque 
load due to seal pressure, and because 
of the drop in volumetric efficiency of 
the compressor at the higher motor 
speeds, most companies prefer the 
slower belt-driven unit. Several manu- 
facturers are now producing directly 
driven compressors and have very 
successfully overcome many of its 
natural drawbacks, A gear-drivencom- 
pressor is a very positive means of 
drive, eliminating such troubles as belt 


slippage and wear, but the increase in 
cost due to gear lubrication and casing, 
and the matter of gear noises have 
almost completely eliminated this type 
of machine fromthe refrigerating mar- 
ket. On farms and other places, where 
electricity is not available, commer- 
cial units are typically driven by means 
of a gasoline engine. This gasoline 
engine drive is usually connected by 
means of V-belts to the compressor, 
but they are also being directly con- 
nected. 


21-49, MOTOR EFFICIENCY 


Theoretically, an electric motor 
should produce 1 H.P. of mecnanical 
energy for every 746 watts of electrical 
energy put into it; that is, a 1 H.P. 
electric motor on a 110 volt circuit 


should only consume 6,8amperes. This . 


situation, however, is not encountered 
because of bearing friction, magnetic 
eddies, magnetic air gaps, and power 
factor. The efficiency of the motor is 
the mechanical energy delivered at the 
motor shaft divided by the power input 
to the motor. For small domestic 
motors of approximately 1/6 H.P., the 
efficiency of the motor is only 40 per 
cent to 60 per cent, and for 1 H.P. to 2 
H.P. the motor efficiency increases to 
from 75 per cent to 80 per cent. As 
the size of the motor increases, the 
efficiency increases; this is due to the 
fact that friction losses and air gap 


losses remain practically constant re- : 


gardless of the size of the motor. 
Motors with an efficiency of 95 per 
cent to 98 per cent are common in the 
large sizes. 


21-50. MOTOR OVERLOADS 


In the conventional system in addi- 
tion to maintaining compressor speed 
against certain resisting factors, the 
motor must take the compressor from 
an idle position and bring it up to its 
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rated speed. The energy necessary for 
this is greater than that necessary to 
maintain the compressor at this speed. 
This load is called the starting load, 
and is anywhere from 50 për cent to 
100 per cent larger than the load 
imposed upon the motor when running. 
This load is due to the acceleration 
force imposed by the moving parts of 
the compressor which is termed 
inertia; that is, all bodies resist a 
tendency to change their speed of 
motion, and this resistance depends 
upon the mass and the rapidity of this 
change of speed. A motor which con- 
sumes 4 amperes when running norm- 
ally will consume as much as 7 and 8 
_ amperes when starting. Inother words, 
a 1/3 H.P. motor when starting up 
sometimes will develop as much as 
2/3 of a H.P. in order to overcome 
the compressor inertia and bring the 
compressor to its speed. This is a 100 
per cent overload and must not be 
carried for any length of time. 


21-51. CONDENSER CAPACITIES 


The calculation of the capacity of a 
condenser is similar in many ways to 
the problem of computing the capacity 
of a cooling coil. The condenser must 
dissipate the heat from the gas fast 
enough so that just as much gas con- 
denses in the condenser as is being 
pumped into the condenser by the com- 
pressor in a given unit of time. When 
this condition is reached the head pres- 
sure will build up until the temperature 
rises to the point where the heat 
dissipated will equal the heat put into 
the condenser. The problem of com- 
puting the capacity of the condenser 
varies according to the type of con- 
denser being used. Condensers may be 
divided under the following headings: 

l. Air cooled: 

(a) Plain tubing 
(b) Finned tubing 
(1) Natural convection 


(2) Forced convection 
2. Water cooled: 
(a) Liquid receiver type 
(Lb) Tube-within-a-tube type 
(Tube and shell type) 


21-52. AIR COOLED CONDENSER 
CAPACITIES 


The capacity of an air-cooled con- 
denser may be calculated from one of 
two basic values, Some prefer using the 
total external area of the condenser to 
compute its heat dissipating ability, 
while others base computations upon 
what is called the frontal area of the 
condenser, Using the total external 
area of the condenser, the capacity of 
the condenser for dissipating heat de- 
pends upon the following variables: 
(1) external area, (2) temperature dif- 
ference, (3) time, (4) air velocity. 

Using these values the capacity of 
an air-cooled condenser varies between 
1 Btu per square foot per F. per hour 
and 4 Btu per square foot per degree 
temperature difference. The effect of 
air velocity is to increase the con- 
denser's capacity with an increase in 
air speed, The fans used to do this 
work are generally mounted on the 
motor shaft, and drive the air through 
the condenser at speeds between 400to 
1,000 feet per minute. When a fan of 
400 feet per minute is used, the 2.5 
Btu per square foot per F. per hour 
value will be found satisfactory, and 
this value will increase up to approxi- 
mately 4 Btu with a 1,000 feet per 
minute air velocity. The calculation of 
the area of a condenser is identical to 
that for a finned coil (Paragraph 21- 
19). A single tube condenser has a 
total area of approximately 20 times 
its frontal area. Forexample: Ifacon- 
denser has 10 square feet of surface 
with an air velocity of 400 feet per 
minute, what must be the refrigerant 
temperature to dissipate 5,000 Btu per 
hour if the room temperature is 75F.? 
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10 x 2,5 x temperature diff. = 5,000 
25 x temperature diff. = 5,000 
Temperature diff. = 200 EF, 

Refrigerant temperature = 200+75 = 

210 1 


WF 


— 
w 


W a re oe 
f T N 
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21-49. Types of heat exchangers using liquids (water) 

as one of the liquids. A. Tube within a tube; B. Shell and 

tube; C. Tank; D. Baudelot R = Refrigerant; W = 
Water. 


The same problem using a 50 square 
foot condenser. 
50 x 2.5 x temperature diff. = 5,000 
125 x temperature diff. = 5,000 
Temperature diff. =40F. 
Therefore, the refrigerant temperature 
Ss Lle Ir, 
The same problem using a 75 sq. ft. 
condenser. 
75 x 2.5 x temperature diff. = 5,000 
Temperature diff. =5,000 
187.5 
Temperature diff.=26.7 F. 
Therefore, the refrigerant temperature 
= Olt a 


The heat to be removed by the con- 
denser for each pound of gas is the 
heat content of the gas, when it leaves 
the compressor, minus the heat of the 
liquid at the condensing pressure. 
Example: 

In the illustration (Fig. 21-40), the 
gas has a heat content of 90 Btu when it 
leaves the condenser, and the heat tobe 
removed by the condenser is this value 
minus 28 Btu, the heat of the liquid at 
86 F. (temperature at condensing pres- 
sure). 

90-28 =62 Btu per poundof refrigerant 
condensed. 

From an understanding of the re- 
frigeration cycle, one may realize that 
if a condenser is under capacity, the 
compressor head pressure will rise in 
proportion in order to dissipate the 
required amount of heat; therefore one 
may put condensers of various sizes on 
the same compressor. If too small a 


i 
1 


condenser is used, a decrease in com- : 


pressor efficiency, an increase in 
motor load, and a decrease in the life 
of the unit will result. The examples 
above illustrate this principle. 


When the capacity of the condenser ` 


is based upon frontal area, it is claim- 
ed that the air being blown through the 


condenser is removing heat only from | 
that surface which it strikes directly, ` 


and that the turbulent flow against the 
rear surfaces makes the heat removal 
from these surfaces negligible. 
capacity per square foot of frontal 
area naturally is greater than the value 
stated above, and is between 6 to 10 
Btu per square foot per F. per hour, 
depending upon the air speed. For air- 


cooling the dry bulb temperature ofthe j 


room should be used. 

Natural convection (static) conden- 
sers are becoming popular 
domestic refrigeration field. Several 
manufacturers are producing units 
which utilize a motor and compressor 
design inside a steel dome. This neces- 
sitates a separate motor to force air 
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in the! 


through the condenser. To eliminate 
his motor, some companies are build- 
ing large natural convection condensers 
mounted on the back of the cabinet. 
The size of these condensers 4s suffic- 
ient to permit cooling without the need 
of forced draft. The heat removing 
ability of these is approximately 1 Btu 
per Square foot per F. per hour. 


21-53. WATER COOLED 
CONDENSER CAPACITIES 


The capacity of a water-cooled 
condenser is very high due to better 
heat contact between the cooling med- 
jum and the refrigerant for either the 
liquid receiver type or tube-within-a- 
tube type. The capacity will vary some 
with the type of water-cooled condenser 
used, Fig. 21-49. 

The heat transfer varies directly as 
the amount of water passed through the 
condenser, If the flow is fast more heat 
will be removed, and if the water flow 
is slow the heat removal will be less. 
At 50 feet per minute water will re- 
move about 185 Btu/sq. ft./hr./F. At 
200 feet per minute, the water will 
remove about 330 Btu/sq. ft./hr./F. 
The heat removing capacity of these 
varies between 30 and 50 Btu per square 
foot per F. per hour in the smaller 
machines. For machines of a ton cap- 
acity or more, this value may be in- 
‘creased up to 90 Btu per square foot 
per F. per hour. 

In addition to this heat removal, 
one must also calculate the air-cooling 
surface of the condenser, such as the 
external area of the shell, or the ex- 
ternal area of the refrigerant tubing in 
the tube-within-a-tube type, to reach 
the correct capacity. In water-cooled 
|systems, velocity of the water must be 
taken into consideration because withan 
‘increase of water flow or velocity, 
efficiency is increased. The method of 


determining the temperature difference 
‘between the cooling medium and the 
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refrigerant is to use, as the refrigerant 
temperature, the saturation tempera- 
ture of the refrigerant according tothe 
head pressure obtained. Water tem- 
peratures should be taken as the aver- 
age between the water-in and water-out 
temperature, For example: 

A shell type water-cooled conden- 
ser has to remove 5,000 Btu per hour. 
How much tubing 3/8 O.D. must be put 
into the receiver to remove this heat if 
the water supply is 70 F.? The outlet 
water is 80 F. How many gallons of 
water per hour must be circulated? 
Consider the refrigerant temperature 
at 100 F., Assume the heat removing 
capacity of the condenser to be 40 Btu 
per Square foot per F. per hour. 

Tube area = 
Condenser capacity=area (sq. ft.) x 
temp. diff. F. x Btu rate xtime. 


Te, eee 
5,000 = 4 ee 
5, 000 ne T n ae 
25 x 40 144 
5000 x 144 _ 
=g z S T3/8 x length 
_ 5000 x 144 _ 720 
or length = -25x 40 x7 3/8 — 73/8 
720 
3.1416 x .375 
1920 _ = 641 in. 
3.1416 


= 51 ft. approximately 
The amount of water circulated = 
sq. ft. x wt. xtemperature difference = 
Btu 
1 x wt. x 10= 5000 
wt. = 500 lbs./hr. 
1 gal. of water weighs 8 1/3 lbs. 


500 _ — 60 gal. of water per hr. 
1/3 


co 


21-54. REFRIGERANT LINES 


The liquid and suction lines on 
refrigerating machines must be of 
sufficient size to handle the amount of 
the liquid or the gas required. The 
method of calculating the capacities of 
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these lines is to determine the maxi- 
mum velocity allowed in the line and 
then, knowing the amount of gas or 
liquid to be handled, the internal cross- 
section of the line may be easily cal- 
culated. 


21-55. REFRIGERANT LINE 
CAPACITIES (LIQUID) 


The velocities in the liquid line ofa 
unit varies with the density of the 
liquid and with its viscosity. These 
velocities may vary between 50 to 200 
feet per minute, depending upon the 
refrigerant used. For instance: Freon 
-12 should have velocities no greater 
than 100 feet per minute while methyl 
chloride may have velocities as high as 
200 feet per minute. 

For example: If 75 cubic inches of 
liquid were used a minute, the internal 
cross-sectioned area of the liquid line 
to keep the liquid line velocity at 100 
feet per minute or below would be: 


75 as 
100x12 ` 
Cross-section area = .063 sq. in. 


The inside dia. 
T 


Use a 3/8-inch O.D. tubing. It is 
very important that these refrigerant 
carrying lines be of sufficient capacity; 
the cost of increasing the tubing sizeis 
so small in comparison tothe total cost 
of the machine, that there is no real 
necessity for calculating the size of 
these tubings to too close limits. At 
least a 50 per cent oversize of the tube 
is therefore recommended. 

If the liquid line is too small or if 
there are too many restrictions in the 
liquid line, the pressure drop may be 
enough to reduce the capacity of the 
refrigerant control below the capacity 
of the cooling coil. Extremes of this 
condition are revealed by sweating or 
frosting liquid lines when excessive 
pressure drops occur due to partially 
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_V.063 x 4 _ .285 in. 


clogged dryers, strainers, or pinched 
lines. 

The pressure drop in liquid lines 
that carry Freon -12 is shown in Fig. 
21-50. Note that if one tried to usea 
1/4 O.D. liquid line fora 12,000 Btu/hr. 
or 1 ton load, that the pressure drop 
would be .42 psi per foot. A 100 foot 
equivalent length liquid line would then 
have a total pressure drop of 42 psi. 


Load Btu/hr. 


120,000 
240,000 
360,000 
480,000 


21-50. The pressure drop in Freon-12 liquid lines based 

on the refrigerating load and the size of the line (o.p.}. 

The value is to be multiplied by the equivalent length. 
(Bush Mfg. Co.) 


If the normal head pressure were 
125 psig. then the pressure in the 
liquid line near the thermostatic ex- 
pansion valve would be 125-42 or 83 


psig. At 83 psig. the boiling temperature 


is 79 F. and sweating might occur in a 
humid 90 F. room. 

In large systems, one must take into 
account the amount of refrigerant stor- 
ed in the liquid line. This amount also 


affects pressure based upon weight of — 


the liquid (static head), Fig. 21-51. 
Bends and fittings increase the re- 
sistance to the fluid flow. It is claimed 
that there is as much friction to flowin 
a 90 degree elbow as there is in 5 feet 


VA “ 38 “ 15 "” 54 “on x “ue Th “ 


015 .043 .086 .134 .202 .269 .458 


21-51. Refrigerant charge in pounds per foot of liquid 


ine, 


(Bush Mfg. Co.) 


of straight tubing of the same size. 
»The friction in bends, fittings, and the 
normal friction of fluid flow through the 


Normal ORIFICE “DIAMETER 
Capacity Methyl 
SO Chloride Freon-12 Freon-22 
Me ton .03125 .03125 .0625 to -03125 
.093 . 109 
i ton .0625- .0625 .078-.109 .0625 
25 .093 
1/2 ton eS 109 
P ton .109 .109 Wee i25 
L56 ode 
3 ton TPS .209 .15625 
6 ton .209 
10 ton .2812 .219 
mo ton 


121-52. A table of expansion valve orifice sizes and 
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being adapted as most popular. If 
larger orifices are needed multiple 
installations of expansion valves are 
used. See Fig. 21-52 for a table of 
orifice sizes and capacities. 


If the orifice is undersize (too 
small) the amount of refrigerant that 
can pass through the valve will not be 
sufficient and the coil will be starved. 
Also the cooling coil pressure will 
reduce too fast. 


If the orifice size is too large, the 
valve will feed too much refrigerant too 
fast causing a ‘sweat back” or ‘‘frost 
back’’ down the suction line. The result 
will be a ''searching or hunting” action 
causing alternate flooding and then 
starving of the cooling coil. 


Allowablė Velocities in Feet per Minute 


Suction Line Condenser Vel. Liquid Line Vel. 


capacities. 
Refrigerant 
(Gas) 
| Ammonia. sess.. 4000-5000 


Methyl chloride. 1000-2000 
Sulphur dioxide. 1000-2000 
Preci le. 2.7 3% 800-1800 

| Maten ayia ars Ge Ga 30-50 (Liquid) 


(Gas) (Liquid) 
5000-6000 100-250 
2000-2500 100-200 
2000-2500 100-200 
1800-2250 80-100 
AT 100-250 


21-53. A table of allowable refrigerant liquid and suc- 
| tion line velocities. 


itubing must be calculated when figuring 


{gas velocities. 
| 


21-56. ORIFICE SIZES 
The size of the orifice opening, 
lcontrolled by a needle, whichis usually 
located in the thermal expansionvalve, 
must be carefully calculated. Its size 
depends upon the shape of the opening, 
upon the viscosity of the liquid passing 
through it, and upon the pressure dif- 
‘ference as the fluid passes through the 
me ice. These orifice sizes, however, 
‘become fairly standard for domestic 
land commercial machinery with orifice 
jopenings of 0.93-inch and. .156-inch 


( American Society of Refrigeration Engineers) 


21-57. REFRIGERANT LINE 
CAPACITIES (SUCTION) 


In a suction the gas velocity depends 
upon the low side pressure of the sys- 
tem and, therefore, in its application 
the velocities usually used are between 
800 and 5,000 feet per minute. Figure 
21-53. As the refrigerant evaporates in 
the cooling coil, its pressure must be 
somewhat higher than the gas pressure 
in the crankcase before it will go down 
the suction line. The compound gauge, 
mounted on the compressor, will show 
the compressor crankcase pressure 
which is lower than the actual pressure 
in the cooling coil. The suction line 
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involves two additional problems inthe 
understanding of the pressure drop 
within the line. One additional com- 
plication is due to the necessity of 
returning oil to the compressor by 
means of the suction line. Also, when 
two or more coils are connected to one 
compressor, the resistances to flow in 
the different lines may cause the pres- 
sure on the surface of the refrigerant 
in the various coils to vary as muchas 
2 to 3 pounds per square inch. The 
friction in a 1/2-inch O.D. suction line 
is approximately .25-inch mercury (Hg) 
per 10 feet of length with a gas velocity 
of 1,000 feet per minute. This results 
in a problem of balancing cooling units. 
The amount of pressure drop becomes 
greater as the length of the suction line 
increases, as the cross-sectional area 
of the tubing decreases, or is in pro- 
portion to the number of bends and 
fittings in the suction line, Fig. 21-54, 

The correct size of liquid and suc- 
tion lines is very important in re- 
frigerating units. An excessive pres- 
sure drop in a suction line is similar 
to operating the compressor at alower 
pressure thereby reducingits capacity. 
For example, a pressure drop of 2 
psi. at low temperatures -15 F. is the 
same as trying to operate at -20 F. and 
the condensing unit capacity is lowered 
approximately 12 per cent. The oil 
return should be taken care of by slant- 
ing the suction line consistently down- 
ward from the cooling coil to the com- 
pressor to permit the oil to drain 
naturally into the compressor, If a low 
spot is constructed into the suction line, 
the oil will accumulate here and de- 


For Each MS te ee A 


crease the cross-sectional area of the 
tubing, causing an orifice action which 
also decreases the efficiency ofthe gas 
flow, Fig. 21-55. Furthermore, when 
this low spot eventually becomes filled 
with oil, the pressure difference builds 
up and the oil is slugged into the 
compressor, This slugging of the oilin 


21-55. Illustrating the restricting of gas flow due to oil 
collecting in a low spot in a suction line. A. Suction line; 


B. Refrigerant Gas; C. Oil. 


the crankcase of the compressor ac- 
celerates oil pumping momentarily. 
Fig. 21-56 shows the capacity of 
various sized suction lines using Freon 
-12 refrigerant. Note that a 1 in. 
nominal or 1 1/8 in. O.D. suction line 
can carry from 1/2 ton to 3 tons of 
capacity depending on the pressure 
drop. However, the best choice would 
probably be between .02 and .03 psi. 
pressure drop and this pipe should be 


used for 2 to 23 ton units. If the suction 
temperatures are lower or higher than | 


20 F., the pressure drops must be 
corrected because the denser gas has 
lower velocities and vice versa, Fig. 
21-57. 

One usually knows the capacity of 
the installation in Btu/hour orintons of 
refrigeration. He can then estimate 
the correct suction line size by first 
getting an approximate size from Fig. 


Wye 136 Se 


216 2% 4% 


Valve 1.5 15 2 2 25 30 40 5.0 60 7.5 90 110 13.0 15.0 
Elbow (G0) || aS al il als) OL 2.0 3 40 5.0 55 65 7.5 
Tee 16 15 2 2 25 3.0 40 50 60 7.5 9.0 11.0 13.0 15.0 


21-54. A table of the ratio of resistance of valves, 


elbows and tees over straight length pipe. Note that a valve 


has as much resistance as 2 feet of l/a pipe. 


(Bush Mfg. Co.) 
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PRESSURE DROP IN SUCTION LINES AT 20° SUCTION TEMPERATURE 
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e A graph of suction line capacities for Freon-I2 refrigerant. The suction line should be chosen between 
.02 and .03 psi per foot. The chart is based on 20F. If lower temperatures are used, coarser lines are needed 
and vice versa. 


CORRECTION FACTORS FOR OTHER SUCTION TEMPERATURES 


—40 —30 —20 —10 0 10 20 30 40 50 
2.70 2.28 1.90 1.62 1.38 1.18 1.00 0.88 0.75 0.64 


Suction Temp 


Correction Factor 


21-57. A table of correction values for the pressure drops in a suction line. If the suction temperatures exceed 
20F, the pressure drop is decreased, and if the temperatures are below 20F the pressure drop increases because 
the gas is less dense. The equivalent length is to be multiplied by the correction factor. 


21-56 and then calculating the equiva- 
lent length of pipe from Fig. 21-54 and 
correcting for temperature using Fig. 
21-57. 

For example: to determine the suc- 
tion line size for a 5 tonsystemat 0 F. 
Allow for a total 2 psi. pressure drop. 
The suction line has 30 feet of straight 
run, 6-90 degree elbows, l-tee, and 
l-valve, at 0 F. Assume that 1 1/8 O.D. 
suction line is to be used. 


The equivalent lengtn 30 feet 
6 elbows x 2 12 feet 
l teex 4 4 feet 
l valve x 4 4 feet 

50 feet 


If a total of 2 psi pressure drop is 


desired, then, 
2—50 =.04 psi per foot. 

However this line operates at 0 F. 
instead of 20 F. Therefore, .04— 1.38 = 
.029 psi per foot. 

Now referring back to Fig. 21-56, 
a 5 ton load with a .029 psi per foot 
pressure drop needs a 1 5/8 O.D. 
pipe for the suction line. 


21-58. REVIEW QUESTIONS 


Answers to the following questions 
may be found in Paragraph 21-59. 
1. What is a Btu? 
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10. 
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12. 


13. 


14, 


15. 


16. 


17. 


18. 


19, 


20. 
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What is the Btu equivalent of a 
HER? 

What is sensible heat? 

What is latent heat? 

What is specific heat? 

Why is it important when cal- 
culating the heat load of a cab- 
inet to know what the cabinet 
is used for? 

Why is the heat leakage into a 
cabinet based upon the external 
area? 

What is the purpose of a baffle? 
Why must a horizontal baffle be 
insulated? 

What materials were used for 
the interior walls of the older 
cabinets? 

What is the purpose of the ice 
hold-over in the sweet water 
bath? 

Why must a pressure type water 
cooler never be allowed to ac- 
cumulate too much ice? 

What is the specific heat of ice 
cream? 

At what temperatures should 
brick ice cream be maintained? 
How many pounds of walnut ice 


cream are there in a gallon? 
What is meant by the superheat- 
ing of the gas inthe suction line? 
What is the ‘‘effective latent 
heat’’ of a refrigerant? Whyisit 
different from latent heat? 

What causes the superheating of 
gas as it passes through the 
compressor? 

Why may one use the Btu added 
to the gas as it goes through the 
compressor to calculate the size 
of the motor to drive the unit? 
What is meant by volumetric 


ele 


22. 


23. 


efficiency, and what variables 
influence it? 

What factors must be considered 
when determining the type of 
compressor drive? 

What is meant by motor effic- 
iency and what are the usual 
efficiencies? 

Explain how heat travels from 
one carrying medium tothe next, 
starting with the refrigerated 
cabinet and continuing tothe suc- 
tion line gas, describing the ease 
of transfer from one medium to 


the other. 


21-59. CONDENSING UNIT 
CAPACITIES 


The table, Fig. 21-58 lists the aver- 
age hourly capacity of various sizes of 
condensing units. This clearly shows 
the increase in capacity of a condensing 
unit as the low side pressure increases 
providing the head pressure remains 
fairly constant. 


AVERAGE COMPRESSOR CAPACITIES 


EVAPORATING TEMPERATURES OF 


-30° -15° +20° + 40° 
CONDENSING TEMPERATURE OF 
He P. 3109 120° no? 120° 110° 120 110° 120° 
2 5,200 4,500 9,100 8,200 18,000 16,800 22,800 21,200 
3 9,000 8,300 14,300 13,200 22,100 20,800 36,300 34,200 
5 14,200 12,500 24,800 22,400 41,700 39,300 62,400 58,500 
74 25,000 20,000 31,000 28,000 53,000 48,000 87,000 81,700 
10 31,000 26,000 43,600 44,800 81,000 75,000 120,000 112,000 
15 42,600 37,500 74,400 67,200 121,000 102,000 171,600 160,000 
20 56,000 44,700 82,000 71,000 154,000 142,000 235,000 218,000 
25 70,000 56,000 96,000 85,000 188,000 174,000 283,000 263,000 
30 80,000 67,000 116,500 102,500 225,000 210,000 349,000 324,000 
40 94,000 75,000 155,000 135,000 325,000 306,000 439,000 406,000 
50 122,000 100,000 188,500 159,500 375,000 350,000 585,000 550,000 
60 168,000 134,000 240,000 220,000 450,000 420,000 710,000 670,000 
70 196,000 156,000 272,000 239,000 571,000 534,000 800,000 742,000 
75 210,000 167,000 291,000 256,000 582,000 542,000 855,000 795,000 
80 224,000 178,000 310,000 273,000 622,000 578,000 900,000 842,000 
90 252,000 201,000 349,000 307,000 750,000 700,000 1,027,000 955,000 
100 280,000 223,000 388,000 341,000 777,000 723,000 1,170,000 1,100,000 


NOTE: The above figures are only approximate and based on catalog ratings 


of leading compressor manufacturers. 


catalog of your compresaor manufacturer. 


21-58. 


558 


For preciae figurea, refer to 


A table of condensing unit capacities when 
Freon refrigerants are used. 
(Kramer Trenton Co.) 
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AIR CONDITIONING 
PRINCIPLES 


People are continually endeavoring 
to improve their surroundings inorder 
to increase the comfort of living. 
Among the more recent improvements 
we must consider air-conditioning as 
very important, for it deals with means 
of making the atmosphere in which we 
live and work more healthful and com- 
fortable. 


22-1. HISTORY 


Man has always attempted to control 
the air in which he lives. In the north- 
ern and southern zones, heat is neces- 
sary to survive the winters, and man’s 
finding of fire and his use of it to heat 
caves dates back beyond recorded his- 
tory. In the tropic zones, man soon 
learned many ways to combat heat and 
high moisture conditions. 

Heating was first done with an open 
fire, resulting in a smoky condition. 


The fireplace was a considerable im- 
i provement, and it enabled men to con- 


trol the air flow through the fuel. The 
Franklin stove invented by Benjamin 


Franklin in 1760 was a tremendous 


l 


step forward. Stoves were gradually 
improved until finally the furnace or one 
heat source for a multi-room building 
was built. All these heating systems 
required the burning of some fuel 
(coal, oil, or gas). We now have two 
heat sources that do not require flames. 
One is electric resistance or panel 


heating, and the other is the heat 
pump where the source of energy is an 
electric motor. 

Comfort cooling has been accom- 
plished with varying success for cen- 
turies: insulating the body with loose 
clothing to permit air circulation, the 
use of white clothing to reflect heat, 
the use of shade devices to reduce the 
heat from sun effect, all date back 
beyond recorded times. Cooling and 
removing moisture from the air, and 
removing dirt from the air date back 
approximately 50 years. 

The science of air conditioning 
started when industry demanded better 
atmospheric control in factories that 
produced materials which were affected 
by temperature changes and moisture 
changes. 


Dr. Willis H. Carrier (1876-1950) 
designed and installed a scientifically 
correct air conditioning system in a 
paper plant in 1902. By 1905 Dr. 
Carrier had perfected the spray type 
air conditioner for humidity control. 
He is credited with developing the 
differential thermostat and differential 
hygroscope. In 1911, Dr. Carrier pub- 
lished his Psychrometric Properties of 
Air Equations, and in 1919 he produced 
his Psychrometric Chart which is still 
the authority on air conditioning. The 
growth of air conditioning has been 
steady. Since the end of World War Il 
comfort cooling has increased at a 
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DRY AIR 


AVERAGE AIR 


Chemical Amount by Amount by Amount by Amount by 


Name Symbol Weight % Volume-% Weight % Volume % 
Nitrogen No TI oki MOROL 

Oxygen 02 23.19 20.99 

Carbon dioxide CO% „04 05 

Hydrogen H> -00 ZON 

Water H20 X* X* 
Dust X* X* 
Rare Gases Tapes) “94 

*Variable 
22-1. Table showing the amount of the various gases 
and substances that make up normal air. 
phenomenal rate. At present, over The first step in the direction of 


1,000,000 air conditioning units are 
sold each year. 


22-2. DEFINITION OF AIR 
CONDITIONING 


The important factors involved in a 
complete air conditioning installation 
include: 

1. Temperature control 

2. Humidity control 

3. Air movement and circulation 

4, Air filtering, cleaning and puri- 

fication 
Complete air-conditioning provides au- 
tomatic control of the above factors for 
all outdoor weather conditions for both 
Summer and winter. Recently, cooling 
means have beendeveloped forsummer 
use in making residences, factories, 
railway coaches, theaters, office build- 
ings, hospitals, and other structures 
more comfortable in the summertime. 

In addition to the comfort phases of 
air-conditioning, certain industries 
have found that air-conditioning of their 
plants makes possible more complete 
control of manufacturing processes and 
therefore controls their finished pro- 
duct. Such industries include: printing, 
textile making, particularly artificial 
silk manufacturing, milling and baking, 
furniture, drug manufacturing and many 
others. 


air-conditioning was inthe development 
of the central heating plant. The second 
step was the development of automatic 
controls for regulating the heating 
plant. The final step was the develop- 
ment of automatic refrigeration devices 
which could be employed for summer 
cooling and dehymidifying the air. 

A furnace only heats the air, a fan 
only moves the air, a cooling coil 
only cools the air, etc. The complete 
system must heat or cool the air, 
increase or decrease the humidity, 
control that air movement, and clean 
the air. All these functions are pre- 
ferably done automatically. 


22-3. AIR 


Because conditioning deals with air, 
it is important that the structure and 
the properties of air be thoroughly 
understood. 

The atmosphere surrounding the 
earth is reported to be about 400 miles 
thick. The atmosphere is divided into 
several layers. The ionosphere is the 
extreme outer portions of the air. The 
stratosphere is the layer between 
50,000 ft. (10 miles) and up to 200 
miles. The air we are most interested 
in is the layer between sea level and 
50,000 ft. 

The air in this space consists of a 
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mechanical mixture of gases. Each of 
these gases behaves as though it oc- 
cupied the space alone (Dalton’s Law). 
The mixture is composed of a mixture 
of gases listed in Fig. 22-1,” 

Because Oxygen (Og) is a heavier 
gas, it has a higher percentage by 
weight than by volume. Hydrogen (Hə) 
is a very light gas, and it therefore 
does not show in the weight percentage 
but is shown in the volume column. 

The water and the dust (all foreign 
bodies) are so variable in the air that 
they cannot be given any definite value 
in a table. However, these two sub- 
stances in the air are of considerable 
importance in air conditioning. 

Water exists in air under all con- 
ditions of temperature. It is in the gas 
form (vapor). It is present in the air 
even at temperatures below freezing, 
because it behaves as though it occup- 
ied the space alone, and therefore it is 
operating under extremely low pres- 
sures. For example, at .013 in Hg 
(very close to a perfect vacuum) steam 
can be made at -20 F., at 50 F. the 
pressure is .3624 in. Hg, and at 100 F. 
the pressure is 1.9 in. Hg. The amount 
of water (steam or vapor) in air is 
relatively small. For example, air at 
72 F. and one half saturated with water 
vapor has 58 grains of water for each 
pound of dry air. As it takes 7000 
grains to equal one pound, one can see 
that the water vapor accounts for 
approximately less than one percentof 
the air. Also, dry air at 72 F. hasa 
volume of about 13.34 cu. ft. per lb. 
which, if this same air is saturated 
(filled) to its maximum weight of water 
vapor, the volume will increase to13.8 
cu. ft. per lb. In a 50percent saturated 
case the volume will be 13.51 cu. ft. 
per lb. of dry air. 

Therefore, the 58 grains of water 


vapor form 13.6 - 13.4=.2 cu. ft. of 
58 
volume. This steam will weigh —yg00~ 


of a pound or .0083 pounds. 


The impurities in the air come ina 
great variety of forms. Some of the 
different items which make up these 
impurities are: 

l. Dust (solid particles 1 to 150 

microns in diameter) 

2. Fumes (.2 to 1 microns indiam- 

eter) 

3. Smoke (less than .3 microns in 

diameter) 

4, Bacteria (measured by culturing 

an exposed plate for 48 hours at 
98 F.) 


See PARAGRAPH 22-22 for more 
information on air contaminants. 
1 micron = .00003936 inches orapprox- 


imately Sane of an inch = 00004: 


1 4 
= oa TUU0T - As one hair is 1000 


therefore 1 micron = ee of a human 
hair diameter. 
1 micron= -i000 millimeter 


1 millimeter = -1000 of a meter 


A y 1 
1 micron = 1,000,000 


1 meter = 39.36 inches 


of a meter 


: ] r 
1 micron = 35,400 of an inch. 


Air has a comfort effect, a health 
effect, and a psychological oremotion- 
al effect on human beings. Therefore, 
air conditioning will become more and 
more important. 

The air is practically invisible, but 
nevertheless it has weight meaning; it 
has inertia and density. It presses 
against the earth at sea level with a 
pressure of 14.7 psi. It has a density 
of .0725 lbs. per cu. ft. or .14 cu. ft. 
per pound. 

Because of the mass of the air, it 
requires energy to move it, and it can 
exert pressures above atmospheric 
pressure. Also it requires energy to 
make air change its direction of motion. 
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ICE, WATER, WATER VAPOR DRY AIR 
Sat.Press. Heat in Liquid Total Heat Vol. of Volume Specific Amount of 
inaner Be DU lbs after Vapor- Water Vapor cu.ft./lb. Heat Water Va- 
ization eu.ft./1b. BETUN ID por Sere 
Bal Ua/ lb. urate 
Temp. Grains 
-40 3.790(10)-3 -177.1 1043.4 1.343(10)5 O Si -9.61 .5508 
-30 7.503(10)-3 -172.7 1047.8 PAOA 10,820 -7.21 1.018 
-20 1.259(10)-2 -168.2 1027 A ATOA 1073 -4.81 1.830 
-10 2.203(10)-2 -163.6 1056.7 2O O 11.326 -2.40 3.206 
(0] .764(10)-2 -159.0 1061.1 1.481(10 He 0.00 -480 
10 6.286(10)-2 -154.2 1065.5 9060 IAL E22 2.40 9.161 
20 -1027 -149.4 1069.9 5662 12.085 4.81 14.99 
30 1673 -144.4 109074.3 3608 12308 T21 24.07 
32 .1803 Alh 1075.2 3305 12.389 7.69 26.40 
35 2034 0.0 1076.5 2948 AD AOA em 29.80 
40 2477 8.0 1078.7 2445 12.591 9.61 36.34 
45 . 3002 13.1 1080.9 2037 12.717 10.82 44.14 
50 . 3624 18.1 1083.1 1704 12.844 12.02 53.40 
55 .4356 23.1 1085.2 1431 TROTO WB e22 64.36 
60 .5216 28.1 1087.4 1207 13.096 14.42 TUI rA] 
65 -6221 peri 1089.6 1022 I2 15.62 SY) Sul 
70 -7392 28m 1091.8 868.0 13349 16.83 110.4 
72 a2 40.1 1092.6 814.0 13.399 17.31 wie TA 
ma #875 al 1093.9 740.0 12.47 LE O) 121.3 
80 1.0323 Ase 1096.1 Geno 13.602 19.23 155.8 
SS ARS By} Al 1098.3 543.3 13.738 20.43 184.4 
90 __ 1.4219 58.0 1100.4 467.9 13.854 Pal ov 217.6 
95 1.6607 63.0 1102.6 404.2 13.981 22.84 20004 
OOM InOB BZ) 68.0 1104.7 350.2 14.107 24.04 tou, 
120 he AAT 88.0 nU ae 203.2 Ile, E2 28.85 569.0 
140 _ 5.8842 108.0 1121.7 123.0 12.117 e OAL 
160 __ 9.6556 128.0 1129.9 77.27 15.622 38.48 2090. 
180 15.295 148.0 pS 50.22 16.128 43.30 _ 4598. 
200 23.468 168.1 AS E 33.64 16.632 48.12 16052. 
AZ ADS 


22-2. The vapor pressure, volume and heat values for water-vapor and low temperatures. Also the volumes and 
specific heat of dry air. 


22-4. AIR TEMPERATURE 


temperate zones the average atmo- 
spheric temperatures are below the 
body temperature, clothing is worn to 
conserve the body heat. 

As heat is continually being generat- 
ed in the body, heavy clothing in the 
winter insulates the body to retain the 
heat so we may be warm, 

In the summer while the atmosphere 
is warm, it is often difficult for the 
body to radiate sufficient heat as it is 
generated. 

The only way the human body can 
lose heat during those times when the 
air temperature exceeds 98.6 F. is by 
evaporation of perspiration from the 
body. As can be readily seen, this 
temperature change requires heating 


Air temperatures in which humans 
have had to exist vary from -55 F. as 
has existed in Montana to 120 F. in the 
shade in California and Arizona. The 
summer temperatures in the U.S. have 
exceeded 60 F. in all parts of the 
country except northern Maine and 
Washington state. The lowest tempera- 
tures in the winter have been below 
freezing in all parts of the U.S. except 
southern Florida and the southern por- 
tions of California and Arizona. The 
normal temperature is considered to be 
took 


The human body temperature is 
normally 98.6 F., and since in the 
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the air in some instance, (winter and 


“very cool earth zones) and cooling the 


also of these other factors. 


air in some instance. (summer and in 
torrid zones). The specific heat of day 
air is .24 Btu per pound, aand energy is 
therefore needed to briag about these 
changes. 


22-5. DRY BULB TEMPERATURE 


Because human comfort and health 
depend not only on the air temperature 
but also on the humidity and tre dust 
content in the air, one should not 
speak only of the air temperature but 
In air 


conditioning the air temperature is 


listed more accurately as the dry bulb 
temperature (db) as this temperatureis 
taken with the sensitive element of the 
thermometer in a dry condition, Unless 
otherwise specifically noted, all air 
temperatures are dry bulb tempera- 
tures. 


22-6. AIR MOISTURE 


The atmosphere we live in always 
has a water vapor content. Because 
the human body releases ccnsiderable 
moisture through its pores and by 
breathing (respiratory system), it is 


important that one know how air can 


absorb this moisture, and how the 
moisture in the air affects the release 
of moisture from our breathing mech- 


- anism and our pores. 


Moisture in the air is in a water 
vapor form (in a gaseous form). It is 
invisible. Snow, sleet, hail, clouds, fug, 
and rain are forms of water vapor in 
condensed form. 

It is important to remember that 
this vapor can exist in the air at below 
freezing temperatures. 

The vapor behaves as if it existed 
Or occupied the atmosphere all by 
itself. Therefore it has a temperature 


/ pressure curve like all volatiles. It 


also has a latent heat of vaporization 


and condensation, see Fig. 22-2, 

As indicated in the table, the heat in 
the vapor is considerable, especially 
that amount of heat necessary to change 
the water or ice to steam and vice 
versa, The amount of heat is measured 
from 0 F, If one takes as an example 
72 F., the air when dry has only 17.31 
Btu/lb., but if the air were saturated 
with vapor, the total heat is 17.31 
Btu/lb.=1092.6x a 17.31 + 18.48 = 
35.79 Btu/lb. of dry water vapor to 
saturate it. Note that there is more 
heat in the vapor than there is in the 
dry air. 

Air is very seldom saturated with 
water vapor. If it were, the human 
body could not lose heat by evaporation 
of moisture. Also the vapor in the air 
would be ready to condense if it con- 
tacted any material even a very little 
lower in temperature. Moisture would 
collect (condensate) on clothing, on 
walls, on grass, etc. People in this 
atmosphere would be covered with 
perspiration, and their clothes would 
be damp at all times. 

Luckily the atmosphere rarely be- 
comes Saturated. To find out how much 
moisture is in the air, or how close it 
is to being saturated with water vapor, 
one may use a polished or shiny sur- 
face that can be slowly cooled. As this 
surface is cooled, it finally reaches a 
temperature at whicha film of moisture 
appears on the surface (dew). If the 
temperature at which the surfaces 
“fogs’’ is noted, this temperature is the 
saturation temperature for the air 
sample. In nature, dew is the result of 
air becoming cooled to near its dew 
point temperature, and then as this air 
passes over the leaves and grass, 
small air currents and the pressure of 
the surface causes moisture to collect 
on this surface. 

The dew point temperature can be 
measured or determined by placing a 
volatile fluid in a bright metal con- 
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tainer, then stirring this fluid with an 
air aspirator. A thermometer will 
indicate the temperature a mist or fog 
appears on the outside of the metal con- 
tainer. The slower the temperature is 
lowered, the more accurate the reading. 
One must be careful not to use flam- 
mable or toxic volatile fluids for this 
experiment. 

The dew point temperatures may be 
obtained more accurately by using in- 
struments made especially for this 
purpose. See Fig. 22-3. This instrument 
can measure dew point temperatures 
from room temperature to as low as 
-80 F. The principle of operation is to 
pump a sample of the gas into the 
observation chamber ofthe instrument. 
The pressure is above atmospheric, 


22-3. An instrument for determining the dewpoint 
temperature. 
(Illinois Testing Laboratories, Inc.) 


The pressure ratio gauge on the right 
adjusts for this pressure. Then manip- 
ulate the valve which rapidly exhausts 
the air and the lighted observation will 
indicate a fog if the gas sample is 
cooled to its dew point. This window is 
lighted and a ‘‘sunbeam’’ effect is 
noted if any fog exists. The pressure 
ratio determines the dew point tem- 
perature by formulation. The instru- 


ment is very accurate because the fog 
condition is very sensitive. 


22-7. WET BULB TEMPERATURE 


Another way to determine the moist- 
ure content of air is to use a wet bulb 
thermometer, This is a regular or 
standard thermometer except that its 


A 


E 


22-4. A dry bulb thermometer and a wet bulb ther- 

mometer. A. Thermometers; B. Mercury column; C. Wet 

bulb column distance below dry bulb reading; D. Dry 
bulb; E. Wick over wet bulb. 


sensitive element (bulb) is covered 
with a clean white cloth (wick), and 
this wick is wet with clean water, 
Fig. 22-4, 

When the air is saturated with 
moisture, no water will evaporate from 
this bulb, and its temperature will be 
the same as a dry bulb thermometer 
near it. 

However, if the air is not saturated, 
water will evaporate from the wick, 
and in doing so it will lower the wick 
temperature and therefore the sensitive 
bulb temperature. The heat will now 
flow from the air to the wet bulb which 
it surrounds. 

The heat change is adiabatic; that 


is, no heat is gained or lost from 
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outside sources (radiation losses must 


“be kept to a minimum), The total heat 


| 


| 
| 


at saturation, (wet bulb temperature 
therefore equals the total heat in the 
original sample.) a 5 


H, = Ho 


The accuracy of the wet bulb reading 
depends on how fast the air passes 


over the bulb, speeds up to 5000 ft./ 


min, or 60 mi./hr. are best but danger- 
ous if the thermometer is moved at 
this speed. Also the wet bulb should be 


protected from above normal heat rad- 


iation surfaces (radiator, sun, electric 
heater, etc.). Errors as high as 15 per 
cent may be made if the air movement 
is too low, or if too much radiant heat 


is present. 

Relative air movement is usually 
obtained by whirling the thermometers 
on a handle provided for this purpose. 
Fig. 22-5 illustrates a pair of thermo- 
meters (wet and dry bulb) called a 
psychrometer. The wick should be clean 
and white. The shiny psychrometers 
come in a variety of sizes, Fig. 22-6 
illustrates a portable shiny psychro- 
meter with a carrying case. 


| 
=h 
e i 
22-5. A sling psychrometer. The wet bulb wick is 
mounted on the thermometer that extends the farthest 


(A) to the left. 
(Friez Instrument Div., Bendix Aviation Corp.) 


There are certain conditions in 
which it is difficult,to spin the psychro- 
meter such as narrow passages, etc. 
To obtain accurate results in these 
places an aspirating psychrometer is 
used, Fig. 22-7. 


22-8. HUMIDITY 


Humidity is a term used to describe 
the presence of moisture or water 


vapor inthe air. The amount of moisture 
that the air will hold depends upon the 
temperature of the air. Warm air will 
hold more moisture than cold air. The 
amount of humidity in the air affects 
the rate of evaporation of perspiration 


ws | 
a 


r 
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22-6. A pocket model sling psychrometer. 
(Friez Instrument Div., Bendix Aviation Corp.) 


22-7. An aspirating psychrometer. Note the handy 
calculating slide rule incorporated in the case. 
(Friez Instrument Div., Bendix Aviation Corp.) 


from the body. Dry air causes rapid 
evaporation, which cools the surface of 
bodies and makes it feel cool. Moist 
(humid) air prevents rapid evaporation 
of perspiration; thus one feels warm 
and depressed although the temperature 
as indicated by a thermometer may be 
the same in each case. 

It is important to remember that 
this moisture is in the vapor form, and 
it is invisible. 

Industrial processes and all air 
conditioning situations should have a 
record of the controlled temperature 
and humidity. Fig. 22-8 shows a seven 
day recorder for both temperature and 
humidity. Fig. 22-9 shows a 24 hour 
record of the temperature and humidity 
taken by a 24 hour recorder. 

A different type of temperature and 
humidity recorder is shown in Fig. 
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22-10. The charts are printed on stiff 
paper, and the chart moves downasthe 
recording proceeds. The humidity sen- 
sitive element is made of muitiple 
human hair strands. 

Air movement is an important part 
of the humidity effect on one’s comfort. 
Moving air will improve the comfort 
even though the humidity is high. 


— 


AM. 


| 


ve 


22-9. A chart from a 24 hour temperature and humidity 
recorder. Note how the relative humidity increased from 
5 A.M. to 10 A.M. 
(The Bristol Co.) 


22-10. RELATIVE HUMIDITY 


Relative humidity is a term used to 


n - 

22-8. A seven day recorder for both the temperature a os paige aa mou in Da 

and humidity. These records are important as a means 81Ven Sample of air in comparison with | 7 

of checking on the efficiency of the air conditioning the amount of moisture the air would |+ 

(The fe Co.) hold if saturated at the temperature at 

which the sample was taken. Relative 

humidity is expressed in percentage 

as 30 per cent, 75per cent, 85per cent, 
etc. 

Referring to Fig. 22-11 (Point B) 

contains 111 grains of moisture per .. 


Also, if there is no air movement, the 
air around the body wili have a higher 
humidity than the rest of the air in the 
room, and a person will feel more 
uncomfortabie. 

Humidity is measured in two ways: 

1. Absolute humidity 

2. Relative humidity 


22-9. ABSOLUTE (SPECIFIC) 
HUMIDITY 


Absolute humidity is the actual 
amount of moisture in the air. The 
amount is measured as that amount 
that is contained in each pound of dry 
air. The amount of absolute humidity 
is measured in grains. One grain is 
1/7000 of a pound. It can also be 


measured in terms of aa Pressure: 370A temperature-humidity 10 or 30 hour recorder. 
such as in inches of Hg. or in psi abs. (Friez Instrument Div., Bendix Aviation Corp.) 
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pound of dry air. The saturated condi- 
Mion (Point C) for the corresponding 
temperature (85 ~F.) will hold 183 
grains of moisture per. pound of air. 
The relative humidity for Point B 
111/185 x 100=60 per cent. 

Line A to B represents what hap- 
i: when saturated air is warmed. 
Point D represents what happens when 
Saturated air is cooled. The moisture 
‘represented by the distance D to E is 
condensed out of the air, since air at 


GRAINS OF MOISTURE 


PER LB.OF ORY AIR 


22-11. Illustration of a typical water vapor saturation 
‘curve for air. Note that as the temperature increases, the 
amount of moisture that the air will hold also increases. 


the temperature corresponding to Point 
D (55 F.) will hold only 66 grains of 
moisture. The amount condensed is 
,111-66 = 45 grains. 

A typical winter condition is re- 
„presented by Point F. Saturated air is 
_taken indoors at 30 F. and 100 percent 

relative humidity. It holds 24 grains of 
‘moisture. If this air is heated to 75 F. 
‘and no moisture added, its new condi- 
[tion will be represented by Point G. 
'The saturated condition tor Point G 
‘would be 131 grains. Since the air has 
‘only 24 grains, the relative humidity 
is 24/131=18.3 per cent. This is too 
‘dry for comfort, as evaporation will 
take place rapidly from the body and 
nasal passages, and one is likely to feel 
cold. Actual winter conditions in homes 
‘are often much worse than this, as 
relative humidities of 8 per cent to 10 
iper cent are common. 


Air movement is also an important 
factor affecting comfort. If cool dry air 
is circulated past a warm body, the 
heat flow from the body will be in- 
creased, which tends to cool the body. 
In the winter when a considerable 
difference in temperature exists in- 
doors and outdoors, if there is no air 
movement within a room, the air may 
tend to stratify; that is, the cold air 
will sink to the floor and the warmer 
air rise to the ceiling. By providing a 
certain amount of air movement in the 
room the air will be stirred up so that 
a more or less uniform temperature 
will exist throughout the room. Air 
movement is usually accomplished by 
means of fans located inair-condition- 
ers Orin air ducts. 


i Il 

22-12. A seven day recording hygrometer. A sma 

motor forces air over a ali bulb and a wet bulb. Note 

the bottle on the right. It is used to supply distilled 
water to the wet bulb wick. 


(The Bristol Co.) 


22-11. HUMIDITY MEASUREMENT 
Relative humidity is measured by an 
instrument called a hygrometer. The 
simplest form of hygromcter consists 
of a wet and dry bulb thermometer. 
The wet bulb thermometer is merely 
an ordinary thermometer having a wick 
enclosing the thermometer bulb and 
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extending into a small water reservoir 
Fig. 22-12. As the wick soaks up 
water from the reservoir, it moistens 
the bulb of the thermometer, and eva- 
poration of this moisture takes place. 
The evaporation removes heat fromthe 
thermometer bulb and cools it. This 
bulb is called the wet bulb. The wet 
bulb temperature, except in cases of 
100 per cent relative humidity, will be 
lower for a given set of conditions 
than will the dry bulb temperature. Itis 
evident that under conditions of very 
low humidity evaporation takes place 
rapidly from the surface of the wet 
bulb. This will result in a much lower 
wet bulb temperature, while undercon- 
ditions of 100 per cent humidity no 
more moisture can be absorbed by the 
air and the two thermometers, wet and 
dry bulb, will read the same. 

Tables and charts have been worked 
out using these two temperatures in 
order to arrive at the relative humidity 
for the conditions measured. Fig. 22- 
13. Charts which show the relation 
between wet bulb temperature, dry 
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bulb temperature, and relative humidity 
are called ‘‘psychrometric’’ charts. 
Instruments may be used for measuring 
relative humidity other thanthe wet and 
dry bulb thermometers. Such sub- 
stances as dry wood, human hair, and 
certain vegetable fibers have a great 
tendency to change their size or shape 
depending upon their moisture content, 
Fig. 22-14. 
arranged in such a manner that air can 
circulate past them freely, they will 
absorb moisture from the air depend- 
ing upon the humidity of the air and 
therefore respond to the atmospheric 
humidity. By connecting these sub- 
stances to certain mechanisms, and by 
calibrating the mechanism, we are able 
to develop accurate hygrometers. 


22-12. PSYCHROMETRIC 
PROPERTIES OF AIR 


Psychrometry is the science and 


practice of dealing with air mixtures 
and their control. The science deals 


100 108 710 


22-13. A psychrometric chart. 
(Carrier Corp.) 
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mainly with dry air and water vapor 
mixtures, 


= 


Psychrometry deals with the spec- 
ific heat of dry air and its volumes. It 
also deals with heat of water liquid, 
heat of vaporization or condensation, 
and the specific heat of steam in re- 
ference to moisture mixed withdry air. 


s 
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22-14. A home type hygrometer. 
(Friez Instrument Div., Bendix Aviation Corp.) 


Tables and graphs have been devel- 
oped to show the pressure, tempera- 
‘ture, heat content (enthalpy), and vol- 
ume of air and its steam content, The 
tables and charts are based on one 

pound of dry air plus the steam to 

. produce the air conditions being stud- 
ied. 


A standard pressure is used be- 
cause the volumes of these gases vary 
rapidly with pressure changes; 29.921 
inches of mercury (29.921 in. hg.) is 
used as the standard atmospheric pres- 
sure, 


The charts and tables are pro- 
perties of steam values with the spec- 
ific heat of air added. The main curve 
of the chart is actually the pressure- 
temperature curve (saturation curve) 

for low pressure steam. 

The tables are shown in Fig. 22-2. 
One type chart is shown in Fig. 22- 
| 13. 


22-13. PSYCHROMETRIC CHART 


The psychrometric chart is a graph 
of the temperature-pressure relation- 
ship of steam. The horizontal scale 
(abscissa) the temperature, while the 
vertical side (ordinate) is the pressure 
scale, 

The chart should be studied exten- 
sively, because it is a means for show- 
ing the various air conditioning cycles 
and the results of mixing air of various 
properties. 

The various constant value lines 
are shown in Fig. 22-15. 

Many of the air conditioning pro- 
blems in this text will be solved using 
the psychrometric chart. 


22-14. PSYCHROMETRIC TABLES 


The table values permit much more 
accurate results because the values 
are accurate to four and five places. 
However, considerable arithmetic must 
be used to determine humidity values 
for air that is not saturated and other 
values. 

One should become familiar with the 
use of both the chart and the table. 

Some examples of the use of the 
graph or chart are included in the 
following paragraphs. 

The values along the horizontal 
lines represent dry bulb temperatures 
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DRY BULB 


22-15. Psychrometric chart line nomenclature 
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in F, The values along the vertical 
lines represent grains of moisture per 
pound of dry air. The 100 per cent 
humidity line or the line of saturation 
is indicated by A, The wet bulb tem- 
peratures are also indicated on curve 
A. This psychrometric chart may be 
used in connection with the wet anddry 
bulb thermometers to determine the 
relative humidity under any conditions. 


WATER VAPOR PRESS. —— 


22-16. A graph showing the decrease in relative hu- 
midity as an air sample is heated from 30 F. to 72 F. 


Example: Given the dry bulb tem- 
peratures of 75 F. If the wet bulb 
temperature is 60 F., what is the 
relative humidity? 

Refer to the psychrometric chart: 
the vertical line corresponding to the 
75 F. dry bulb temperature crosses the 
oblique line corresponding to the 60 
wet bulb temperature just above the 40 
per cent humidity line - approximately 
41 per cent, 

The ‘‘dew’’ point is also indicated 
upon the psychrometric chart. This is 
the temperature below which, if a 
quantity of air is cooled, moisture will 
start to condense out. It also is the 100 
per cent humidity point. 

Example: What is the dew point for 
a sample of air in which the tempera- 
ture is 80 F. and the relative humidity 
60 per cent? Referring to the psychro- 
metric chart, the point where the 80F, 
line intersects the 60 percent humidity 
line represents the quantity of moisture 


contained in each pound of air. If this 
air is cooled without a change in its 
moisture content, 


as represented by © 


the horizontal line going through this — 


point, it will be found that the horizon- 
tal line intersects the dew point line 
at a temperature approximately 64 F., 
which is the dew point for the sample 
under discussion, 


22-15. HEATING CYCLE 


The heating of a certain space 
means to warm the air from outside 
conditions to the correct indoor con- 
ditions. Assume the outdoor conditions 
are 30 F. and 90% R.H. Fig. 22-16 


WATER VAPOR PRESS, —— 
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22-17. A recirculating warm air heating cycle on the 

psychrometric chart. A. Cold air return; A to B heating 

in the furnace; B. to C. Humidifying the air; C. to A. 

Mixing of air with room air; D. Final conditions after 
mixing. 


shows that the outdoor air as it comes 
into the building is heated at 72 F. No 
moisture is added, and therefore the 
heating is along a constant vapor pres- 
sure or grains of moisture line. This 
is typical heating path for air that 
filters into a house 12.4 cu. ft. to13.45 
cu, ft./lb. dry air. The heat increases 
from 10.6 Btu to 20.8 Btu/ lb. of dry air, 
an increase of 10.2 Btu. 

In a warm air heating device, as- 
Suming that the return to the furnace 
is 60 F. and is at 25% R.H., that the 
furnace heats the air to 140 F., thata 
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humidifier adds moisture to the warm- 


éd air, and finally that this heated air 


mixes with the air in the room. Fig. 
22-17, A to B is heating the air, B to 
C, is this warm air pasSing over the 
humidifier (total heat is constant). 
Between C and A the heated and hum- 
idified air is mixed and the final result 
is at D. 


WATER VAPOR PRESS. —— 
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22-18. The cooling cycle on the psychrometric chart. 

A. Condition of outside air; B. Partly cooled air; C. Air 

cooled to saturation; D. Air cooled to remove some 

moisture; E. Dehydrated air reheated; F. Result of mixing 
treated and untreated air. 
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22-19. Air circulation in a console comfort cooling a’ 
conditioner. A. Recirculated air; B. Fresh air; C. Cooled 
air; D. Recirculated untreated air; E. Filter. 


22-16. COOLING CYCLE 


A cooling cycle is lowering the 
temperature (db) of the air. When this 
happens, Fig. 22-18, A to B, the 
relative humidity increases. Some 
moisture must therefore be removed, 
This moisture can be removed by using 
chemicals to dehydrate the air or by 
cooling the air up to the saturation 
curve and then removing the moisture 
by condensing moisture on the cooling 
surface (B to C to D). The distance 
from C to D is the drop in vapor 
pressure or grains of moisture re- 
moved. Reheating to E along a horizon- 
tal line to E will decrease the humidity. 
However, what more often happens is 
the air leaving at D is mixed with the 
room air which is at some intermediate 
condition between 85 F. and 100 F, The 
mixture meets on the line between D 
and A, If one third of the air by weight 
is passed through cooling coil, the 
mixer temperature will be one third 
of the way from D to A, that is to F. 
Some systems mix the air inside the 
air conditioner andalsointroduce fresh 
air into the air conditioner to obtain 
results as shown in Fig. 22-19. 


22-17. COMFORT ZONE 


As has been indicated, comfortable 
conditions result from a combination of 
temperature, humidity, air movement,and 
air cleanliness. However, one may have 
equal comfort under varying absolute 
values of these factors. For instance, 
the high relative humidity, which would 
tend to be oppressive, may be counter- 
acted by a relatively low temperature; 
rapid air movement, or as is in the 
case of many homes in the wintertime, 
a low relative humidity is compensated 
for by an increase in room tempera- 
ture and a very slight air movement. 
Fig, 22-20 illustrates what is common- 
ly accepted as the comfort zone forthe 
above conditions, It will be noticed that 
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WET BULB TEMPERATURE F 
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_ * Note.—Both summer and winter comfort lines apply to inhabitants of the United States only. Applica- 
tion of winter comfort line is further limited to rooms heated by central systems of the convection type. The 
line does not apply to rooms heated by radiant methods. Application of summer comfort line is limited to 
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homes, offices and the like, where the ocenpants become fully adapted to the artificial air conditions. The 

line dees not apply to theaters, department stores, and the like where the exposure is less than 3 hours. The ` 
summer comfort line shown pertains to Pittsburgh and to other cities in the northern portion of the United å 
States and Sonthern Canada, and at elevations not in excess of 1000 ft above sea level. .\n increase of one deg = 
ET should be made approximately per 5 deg reduction in north latitude. ‘i 


> Dotted portion of winter comfort line was extrapolated beyond test data. 


22-20. A graphical representation of a comfort zone. l 
{American Soc. of Heating and Air Conditioning Engrs.) 


this comfort zone represents a con- 
siderable area. However, experiments 
have indicated that any point in this 
area gives approximately equal com- 
fort under equal conditions of clothing 
and work, 


22-18. EFFECTIVE TEMPERATURE 


While our studies so far would in- 
dicate that we should establish certain 
comfort zones of effective temperature 
in our residences and places of work, 
this is not entirely true due to the 
fact that we are not able to air- 
condition all outdoors and that a certain 
portion of our time must be spent 
outdoors. The human body is able to 
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accustom itself only to certain changes ~ 
in a given length of time. It, therefore, 
becomes necessary to so regulate air- $- 
conditioning equipment that it will give į 
a certain degree of air-conditioning. 
While this will be comfortable initself, ` 
it will not subject the person to too ` 
great a shock on entering this con-: 
ditioned space, or when going out into! 
the normal outdoor atmosphere. It 
may, therefore, be said that air-con- 
ditioning is, to some extent, a com- 
promise between the actual atmospher- 
ic conditions and the ideal conditions 
as indicated in the comfort zone. 

We compensate for some of these — 
changes by clothing. For example, in 
the winter time we attempt to maintain 
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-emperatures of approximately 70 F.to 

F. indoors, although the temperature 
outside may be 0 F., whichis a tem- 
əerature difference of™70 F, This is 
oecause it is usually considered more 
comfortable to put on additional clothing 
when going outdoors under such con- 
ditions than to remain indoors with 
sufficient clothing to be comfortable at 
a temperature only a few degrees 
above zero, However, in the summer, 
the reverse of this is not true. We do 
not dress warmer when we enter a 
Space conditioned to 70 F. when the 
outside temperature is 90 to 100 F. 
Instead of feeling comfortable on en- 
tering such aconditioned space, we may 
feel chilled and too cold. It is, there- 
fore, important that a compromise 
condition be maintained which corres- 
ponds to some extent with outdoor 
temperature. 

From Fig. 22-20, one can see that 
in the summer most people are com- 
fortable between 72 F. db and 100 per 
cent rh up to 85 F, db and 10 per cent 
rh. During the winter most people feel 
equally comfortable between 66 F. db 
and 100 per cent rh and 74 F. db and 
10 per cent rh. 


22-19. AIR MOVEMENT 


Air movement has a distinct effect 
on a person’s feeling of comfort. If 
one resides in perfectly still air, he 
soon builds up the surrounding air toa 
higher temperature and a higher hum- 
idity. Likewise, if there is too greatan 
air movement, over 15-20 feet/min., 
the wiping action of the wind produces 
an effective temperature below the 
actual conditions. 


Air conditioning attempts to produce 
air movement in those spaces occupied 
by people, but not an annoying move- 
ment. However, the apparatus is de- 
Signed to move the air as fast as 
possible in the rest of the air cycle. 
This air speed increase is due to first 


1 x 14.7 


reducing the size of the air passage- 
ways (ducts and machine air passages), 
and second, to throwing the airas faras 
possible into the conditioned Space (to 
reduce the number and size of the air 
openings in the room), 

The air passage velocities are lim- 
ited however, because if the velocity is 
too high, an air turbulance noise be- 
comes very disturbing, and also the 
energy needed to move the air at high 
velocities (friction 
uneconomical, 


losses) becomes 


The subject of air distribution is 
covered in more detail in Chapter 23. 


22-20. DUCTS 


To carry air to the air conditioning 
machine, through the machine, and then 
to deliver to the place of use, air 
passages must be built. These air 
passages are called ducts. 

These ducts may be made of many 
materials. The pressure in them is 
very small, a 1 inch pressure rise is 
high and this pressure amounts to only 
approximately .03 psi above 
12 x 34 
atmospheric pressure. The materials 
therefore only have to be strong enough 
to support their weight. Original air 
ducts were very thin tinned sheet iron 
(hot air ducts), then galvanized sheet 
steel, aluminum Sheet, and finally in- 
sulated duct such as asbestos fibre 
board were developed. Passage-ways 
such as formed by studs or joists may 
be used where a fire hazard does not 
existe 

Three types of ducts are used as 
classified by their use: conditioned air 
ducts, recirculating air ducts, and fresh 
air ducts. 

Although round ducts are the more 
efficient in reference to air flow 
square and rectangular ducts are the 
more popular, as they conform better 
to the design of building structures. 
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22-21. GRILLES 


The end of a duct is usually covered 
with and concealed by a perforated 
covering called a grille. This covering 
may also be placed over the intake ofa 
recirculated air duct or a fresh air 
duct. 


22-21. A ceiling grille with specially designed outlets 
that produce air diffusion in the grille. 
{Anemostat Corp. of America} 


The purpose of the grille is to 
prevent any large objects from getting 
into the duct and to provide a control 
for the direction of flow of the air into 
the room, 

The grille is an extra resistance to 
the air flow. The grille cross section 
pieces block the air passage by ap- 
proximately 30 per cent. For this 
reason, and also because they must use 
a slow air movement to reduce the 
noise, the duct cross-section is usually 
enlarged at the grilles, 

Many forms of grilles have been 
designed, Some are fixed and direct the 
air only in one direction, Others are 
adjustable and canbe arranged todirect 
the air in different directions. A pop- 
ular grille design is shown in Fig, 
22-21, This grille has circular seg- 
ments and is designed to serve as a 
diffuser grille. The duct air by inertia 
flow along the upper surface of each 
truncated cone. This action reduces the 
pressure underneath each cone and 
room air enters and is mixed with the 
duct air. This diffusion mixes the enter- 
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ing air with the room air and produces © 
PP 4 
a more comfortable condition. 


22-22. AIR CLEANING 


As important as the temperature, 
the humidity and the air movement, 
is the air cleanliness. The air con- 
taminants, as all foreign matter is! 
called, vary considerably in size and 
in material. J 

Solid particles, kept in suspension! 
in the air by air currents, are commons | 
ly classified into three groups: 


Dust is the result of wind, some. 


sudden earth disturbance, or by mech- | 
anical work on some solid. Dust can’! 
have any origin; animal, vegetable or 
mineral. 

These particles are usually over 
600 microns in size (about .004 in, in| 
dia.). 7 

Fumes are solids formed by con- | 
densation and solidification of mater- 
ials that are ordinarily solids but have | 

, 


22-22. A fiber glass oil impregnated filter. 
(Pittsburgh Plate Glass Co., Fiber Glass Div.) 


been put into a gaseous state (usuall; 
an industrial or chemical process) | 
These particles are about 1 micron i! 
size, 

Smoke is the result of incompleti | 
combustion so solid particles are car: . 
ried into the atmosphere by the gaseou: 
products of combustion. These part 
icles vary in size from .1 to 1 
microns, 


AIR CONDITIONING PRINCIPLES 


Other forms of air impurities are 
the liquid impurities; these are known 
as: 


1. Mists ~ = 

2. Fogs 

Mists are small liquid particles, 
‚mechanically ejected into the air by 
splashing, mixing, atomizing, etc. 

Fogs are small liquid particles 
formed by condensation. Fogs indicate 
that the atmosphere has reached the 
‘Saturation state for that particular 
chemical, 
| The third general classification of 
the air impurities consists of the im- 
purities that act as true gases. 
| 1. Vapors 

2. Gases 

There is little difference between 
these two impurities. Vapors are gases 
that have condensing temperatures and 
pressures close to normal conditions. 

Not all impurities are objectionable 
or harmful. Perfumes and deodorizers 
have been used for years to either make 
the air more pleasant to be in or to 
conceal objectionable odors. 

Special applications for air cleaning 
may be provided for 

1. Pollen 

2. Bacteria 

However, the best air conditioning 
practice is to clean the air. 

Pollen grains come from vegetation 
growth such as weeds, grasses and 
trees. Their presence in the air is 
usually responsible for hay fever, rose 
fever, andother respiratory conditions. 
The removal of these pollen from the 
air has been an important contribution 
of air conditioning. These particles 
vary in size from 10 to 50 microns. 

Bacteria are micro-organisms and 
are responsible for the transfer of 
many diseases. Many manufacturing 
processes require the removal of these 
bacteria during the process. Also hos- 
pital rooms and even refrigerators 
may use bacteria removing devices. 


22-23. AIR CLEANING DEVICES 


Many methods have been developed 
to clean the air. Solidimpurities should 
be removed as completely as possible 
because these particles settle fromthe 
air and cover the furniture, carpeting, 
drapes, and floors with dust and fre- 
quent dusting must be done. 

Some methods to remove these dust 
particles are: 

1. Centrifugal devices 

2. Air washers 

3. Oil impregnated filters (Fig. 22- 

Ze) 

4, Electrostatic precipitators 

Mists or fogs are usually removed 
by heating to turn the mists and fogs 
into invisible gases or by condensing to 
remove the mists and fogs in the liquid 
state. 


g 
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22-23. An ultra-violet lamp for elimination of bacteria 
and mold spores from the air. 
(Ultra-Violet Products Inc.) 

A condensation process may be used 
to remove vapors and gases. 

Pollen grains may be removed by 
filters, or by using a wet surface to 
which the particles will adhere. 

Bacteria can be removed either by 
filter chemicals or by a sterilizing 
light such as an ultra-violet light. An 
ultra-violet lamp used for air pur- 
ification is shown in Fig. 22-23. The 
lamp is usually located to shine the 
rays upward. The lamps are mounted 
6 1/2 to 7 feet high when turned up; 
they should be below eye level when 
turned down, 


22-24. OIL FILTERS 


The most popular filters are those 
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made of various fibers (glass, wool, 
etc.). These fibers are covered with 
some adhesive liquid. The air is made 
to change direction and speed with the 
result that the lint and dust contacts 
the adhesive surfaces and is trapped. 
These filters will remove as much 
as 90 per cent of the dirt if they do not 
become saturated or if the air velocity 
is low enough. See Fig. 22-24. The 
more common filters are of the throw- 


2 bs 


22-24. A typical fiber glass filter installation. 
[Airtemp Div., Chrysler Corp.) 


* í 


away or disposable type. These filters 
should be renewed twice each year or 
more frequently if the dust conditions 
are high. The frames are usually made 
of cardboard wire reinforced. Fig. 
22-25 shows a fiber filter being in- 
stalled in a window air conditioner. The 
filter should be replaced if the pressure 
drop exceeds .5 in. of water. 
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22-25. WATER FILTERS 


Water is used in three ways as a 
filtering agent. It was first usedas a 
spray; this method is also a humidity 
control. The finely divided spray will 
remove most of the dirt, but it cannot 
remove soot dirt particles (carbon), as 
this type of dirt cannot be wetted. 
Sprays are usually found in larger 
units. 

Water is also used to wet a loosely 
woven cloth (cotton). This cloth is 
usually stretched over wire frames. 
The cloth is kept wet by wick action or 
by using slowly dripping water. 

The third method is incidental to 
the use of a moisture condensing coil. 
A cooling coil operating below the 
dew point temperature willcollectcon- | 
siderable water, and the air passing .. 
over this water will loose much of its |. 


dirt to this water. 

Naturally any type of water filter __ 
will require plumbing connections both j 
for the water and to the drain. 
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22-25. A fiber glass filter being installed in a window 
unit. 
(Owens-Corning Fiberglass Corp.) 


22-26. CARBON FILTERS 


A filter that removes solid part- 
icles and one that will also remove 
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22-26. An activated carbon filter and air purifier. 
(W. B. Conner Engineering Corp.) 


odor causing gases and bacteria is 
made of activated carbon surfaces. 
This filter has been used in air con- 
ditioners and in refrigerators with 
considerable success. Fig. 22-26, The 
carbon is in activated charcoal form 
and is commonly made from coconut 
shells. This charcoal will absorb as 
much as 50% of its weight in foreign 
gases. The filter may be renewed by 
baking at 1000 F. to drive out the 
absorbed gases. 


22-27. ELECTROSTATIC CLEANING 


A filter that eliminates practically 
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22-27. Electrical circuit and air flow in a simple electro- 
static type air filter. 


all dust, is the electrostatic filter. 
Basically it puts a static electrical 
charge on all particles that pass through 
it. First the air passes through a 
highly ionized field. A wire with avery 
high positive voltage is suspended be- 
tween grounded wires. The electrons 
passing through the air space will put 
a positive electrical charge on any 
particle that attempts to pass through 
the ionized field. This particle is then 


22-28. An electrostatic filter, which is washable in water. 
(Goodyear Tire & Rubber Co., Inc.) 


drawn to the grounded plates (negative 
potential). Potentials of as high as 
12000 volts are used, Fig. 22-27. 

Filters which carry small static 
electricity charges are also available. 
These filters are similar in appearance 
to the oil film filter. However, the 
filter removes dirt particles by attract- 
ing them to its static electricity sur- 
faces. The filter is cleanable. It only 
needs to be washed in cold water, Fig. 
22-28, 


22-28. OZONE 


Ozone has been extensively studied 
as a means to improve conditioned 
air. 

Tests have proven that ozone will 
improve air but its use above 0.01 
to 0.05 parts per million of air may 
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cause an unpleasant odor and may 
cause breathing difficulties and even 
stupor. 


22-29. REVIEW QUESTIONS 


1, 


o 


11. 
12. 


M3. 


14, 


15. 


16. 


17. 


18. 


19, 


When was the first scientifically 
designed air conditioning system 
installed? 


. Who is called the ‘‘father’’ of 


modern air conditioning? 


. What four factors must be con- 


trolled in a complete air condi- 
tioning system? 


. Is air conditioning used only for 


human comfort? 


. Of what materials is the living 


portion of the atmosphere made? 
In what form does water exist in 
the air? 

What is fog? 

What is a grain? 

What is a micron? 

List at least two temperatures 
one should know about any part- 
icular air sample? 

Define psychrometry. 

How does air movement affect 
one’s comfort? 

What is the boiling or evaporat- 
ing temperature of water at lin. 
hg. pressure? 

List two ways to remove moist- 
ure from the air. 

What happens to the moisture 
absorption of air as the tem- 
perature decreases? 

How should a psychrometer be 
used? 

What values are constant along 
a horizontal line on the psychro- 
metric chart? 

Does the air contain moisture at 
temperatures below 32 F? 

When air is heated, what happens 
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to the relative humidity? ‘ 

20. Under what conditions are most — 
people comfortable in the sum- 
mer? 

21. List three uses for air ducts. 

22, What is the purpose of a grille? 

23. How large are dust particles? 

24, What are fumes? 

25. Describe the difference between 
a vapor and a gas. 

26. How can oil remove impurities 
from air? l 

27. How does an ultra-violet ray, 
help clean air? l 

28. Describe how a cooling coil helps | l 
clean the air. l l 

29. What is the principal impurity 
removed by an activated carbon ' 
filter? , 

30. How is electricity used to re=' 
move dust from the air? 
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22-30. DISCOMFORT INDEX ff 
E 

A discomfort index is a numerical * 
method used to indicate the possibility" 
of human discomfort. This measure-! * 
ment is also called a Temperature-' : 
Humidity Index (THI). It is determined * 
by adding the wb and db temperatures; 
multiplying by .4 and then adding 15.' 


Example: 90db+ 80wb=170 x 
68.0 + 15= 83 


i 
_| 
| 


$ 
i 
According to the U. S. Weather Bureau | 


Discomfort Index ------ % of people 
who will be uncomfortable 


70 10 
75 50 
79 100 | 
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Chapter 23 


AIR DISTRIBUTION 


_ Air conditioning mechanisms are 
designed to condition the air within the 
mechanism and then to distribute this 
treated air to the proper place, in the 
proper amounts, and with the least 
possible annoyance to the consumer 
of the conditioned air. 
| When a radiator system, such as 
a steam heating plant or a hot water 
plant, is used, the distribution of air 
is very simple. The radiators are 
located along the outside walls and the 
heated air rising from the radiator 
along the wall mixes with the cold air 
adjacent to the cold wall, and the 
mixture is then distributed by natural 
convection throughout the room. 

However, the warm air furnace 
gave rise to more complicated pro- 
blems in air distribution. The air is 
still circulated by natural convection, 
Sut the air passages have to be pro- 
portioned so that the longer run ducts 
are made larger and the larger rooms 
also have larger ducts. Means alsohad 
to be devised for cold air from the 
rooms to return to the furnace. The 
advancement from the simple one duct 
cold air return, tocomplicated multiple 
cold air returns from each conditioned 
room illustrates the need that one 
‘Study air distribution very carefully. 
23-1. USE OF AiR 

In air conditioning practice, as air 
is passed through the mechanism it is 
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heated or cooled, humidified or de- 
humidified, cleaned, and then distribut- 
ed to those places where it is needed. 
This shows that the air conditioning 
unit, no matter how efficient it is, and 
regardless of its size, would be handi- 
capped if the air could not bedistribut- 
ed efficiently. It is very important that 
the air distribution be accurately pro- 
portioned to the need and tothe appara- 
tus to which it is included. 


23-2. WEIGHT OF AIR 


Air has definite weight. Although it 
is invisible, its gases have a definite 
mass, and it therefore takes energy to 
move air. At 70 F., 13.34 eu. ft. of dry 
air weighs one pound, and if this is 
50% saturated with moisture, 13.31 cu. 
ft. of the air and moisture mixture 
weighs one pound. Because airis a gas, 
it responds to the Boyles and Charles 
Laws and, therefore, as the tempera- 
ture rises, it takes more cubic feet to 
weigh one pound. As the pressure de- 
creases, it takes more cubic feet to 
weigh one pound, Fig. 23-1 illustrates 
the weight of air under various tem- 
perature and humidity conditions. 


23-3. HEAT IN AIR 


Because air is a physical substance, 
it has a heat carrying capacity. It can 
transport heat, either removingitfrom 
a space or carrying it to a space. The 
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Air 
Temp. dry air dry air 50% 
H saturated 
OF 11.26 1L. 260 
20° 12282 12 -OL 
70 lee 32 Irae a 
100 WA, AUC. 1d ROD) 
120 14-60 15.23 
1300 15,3 Ney a! 
200 16.7 
23-1. 
psychrometric properties already 


studied show the varying heat content 
due to temperature changes and to hum- 
idity changes. The specific heat of dry 
air is .24 Btu per pound. The additional 
heat due to the moisture in the air 
varies considerably depending on the 
amount of saturation. 

For example, at 100 F. there are 
24 Btu’s in one pound of dry air. There 
may be .04293 lbs. of moisture added 
to this one pound of dry air to saturate 
it, but the heat in this moisture is 
47.40 Btu (latent heat and sensible 
heat) and so the total weight of 1.04293 
pounds is 71.40 Btu. However, as faras 
distributing the air is concerned, only 
sensible heat need be takeninto account 
unless vaporizing or condensing of 
water takes place in the ducts, orinthe 
room being conditioned. 

There are 7000 grains to a pound 
and, because it requires about 1000 


Air Changes/Hour 


Use Heating Cooling 
Homes 3-6 6-9 
Offices 

5-8 = 
Stores ole 
iirc 

Zl = 
Assembly G T 


23-2. Recommended air changes for various types of 
occupancies. 
(American Society of Refrigerating Engineers) 


Btu/lb. to change water to water vapor, 
each grain of water changed to vapor 
requires a latent heat of 1000/7000 or 
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The weight of air at various temperatures and humidities. 


.143 Btu/grain. If condensation takes _ 
place in a cooled air duct or on the 
outside surface, the heat released is 
considerable and the temperature ofthe © 
air delivered to the conditioned space | 
can be changed drastically and may 
cause a failure in operation. Open pans 
of water in a heated room can cool the , 
air considerably as the air absorbsthe , 
evaporating moisture, again tending to _ 
cause a failure of the machine to give 
good results. Only sensible heat 
changes should take place outside of 
the apparatus itself. 


23-4. BASIC VENTILATION 
REQUIREMENTS 


As noted before, air is a mixture | 
of gases, and normally the air contains 
about 21% oxygen. A human system. 4 
requires that a certain oxygen content!‘ 
be contained in the air: (1) to maintain’: 
life and (2) to be comfortable. If a 
room is tightly sealed, any human in 
that room would slowly consume the 
oxygen and increase the carbon dioxide 
content, the water vapor content, and 
various small amounts of impurities. 
It is of utmost importance that fresh! 
air be admitted to the room. In the 
past, this fresh air entered the space 
by infiltration from the outside due to 
door and window openings with their 
associated cracks. However, modern 
construction is reducing this air leak- 
age to a minimum. It is now necessary 
to use air conditioning apparatus to 
furnish this fresh air. The units havea 
controlled fresh air intake, and this © 
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fresh air is conditioned and mixed with 
“the recirculated air before it reaches 
the room. 

The amount of fresh air, required 
depends on the use of the space and 
the amount of fresh air admitted by 
infiltration. 

If the amount of impurities inthe air, 
odor, smoke, bacteria etc. are the cause 
for requiring more fresh air, this may 
be reduced by using various air clean- 
ing systems. 

Ventilation is usually based on air 
changes per hour for the conditioned 
space. If the space is 1000 cu. ft. for 
example, three changes per hour would 
mean 3000 cu. ft. per hour or 50 cu. 
ft./min. This is the minimum for 
heating residences. As high as 12 
changes per hour (in the above case 200 
cu. ft./min.) are recommended for 
cooling. See Fig. 23-2, 


| 23-5. NOISE 


| The air distributing system must 
not only handle the heat load and the 
fresh air required, but it must do these 
functions in a manner that will not be 
annoying to the occupants. Two causes 
of annoyance are objectionable drafts 
: and noise. 
The noise problem can be divided 
i into three types: 

1. Noise source 

2. Noise carriers 

3. Noise amplifiers or reflectors 

The noise source is an audible 
vibration. This vibration may originate 
lin the heating unit, in the cooling unit, 

in the fan mechanism, inairturbulence, 
in the duct panels or hangers, or in 
the grilles. 

The noise carriers are rigid struc- 
_tures that carry the vibrations of any 
source to places where it may be 
annoying to the people in the area. 
Floors, ceilings, ducts, doors, pipes 

-- all may carry these vibrations. 


Noise amplifiers or reflectors are 
usually hard smooth surfaces in the 
conditioned space. Walls, ceilings, 
floors, and furnishings may pick upa 
small vibration and reflect it in such 
frequency and in such a direction that 
all or certain parts of the space may be 
made uncomfortable. The problem of 
acoustics and the maintenance of a 
low decibel noise level is being con- 
stantly studied and improved. 


23-6. DRAFTS 


It is a relatively simple matter to 
provide ducts large enough and fans 
large enough to provide a room with the 
correct amount of air for conditioning. 
However, the problem of putting this air 
into the room, distributing it to all 
parts of the room without short cir- 
cuiting the air to the air return, 
without objectionable drafts, and with- 
out irritating noise, is a difficult task. 

When air moves at a velocity that 
exceeds 25 ft./min. (about 1/3 
miles/hr.), most people feel an annoy- 
ing draft. This means that, if the air 
flows faster than one mile per minute 
through the length of a 25 foot living 


W- WINDOW 


23-3. The location of grilles to minimize drafts in ws 

living portions of the room. A. The people are expose 

to drafts; B. The high velocity air is above the living 

level; C. The center location permits lower grille velocity 

and the higher velocity is above the living level: D. An 
ideal large grille opening. 
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room, anuncomfortable feeling results. 

To have a grille outlet designed to 
throw the air into the room a distance 
of 8 to 13 feet, a velocity of 500 ft./ min. 
(6 mi./hr.) is needed. Therefore, to 
keep that part of the space occupied by 
humans at a 25 ft./min. velocity, the 
location of the grilles or outlets must 
be carefully designed, Fig. 23-3. 


23-7. STRATIFICATION OF AIR 


Air in an occupied space must be 
kept moving, or stagnation or strati- 
fication results. Warm air tends to 
rise, cold air tends to settle, andina 
room where the air is not deliberately 
moved the air will assume levels 
according to its temperature, Fig. 
23-4, 

It is important to locate all auto- 
matic controls at the proper level 
because of this stratification. Also 
Stratification tends to make smoke 
haze hover in layers. 

Unfortunately some grilles are so 
located that the air will only be moved 


CEILING 


FLOOR 


23-4. The various temperature levels found in a room 
having little or no air circulation. 


in certain parts of the room andtheair 
will become stagnant in the others. 
There is also the problem of the ob- 
struction to air movement caused by 
the furnishings of the room. For this 
reason and to enable higher grille 
velocities, some grilles are located 
high in the room (6 ft. or more), and 
some may be located in the ceiling. 
These high grille locations necessitate 
that the grilles be attractive in appear- 
ance or concealed, Fig. 23-5. 


23-8. AIR DUCTS 


To deliver air to the conditioned 
Space, air carriers are needed. These 
carriers are called ducts. These ducts 
are preferably made of metal or some 
non-combustible material. 

The ducts work on the principle of 
air pressure difference. If a pressure 
difference exists, air will move from 
the high pressure spot to the lower 
pressure places. The greater this pres- 
sure difference the faster the air will 


flow. 


23-5. A ceiling grille that diffuses the air as well as it 
delivers it to the room. 
(Anemostat Corp. of America) 


There are two popular shapes of" 


ducts used for carrying air: (1) the 
round duct, (2) the square or rectangul- 
ar duct. See Fig. 23-6. The round duct 


is the more efficient based on volume `’ 


of air handled per perimeter distance 


(distance around). That is, less sheet! * 


metal is needed to make a large 


enough duct to carry the necessary air. ` 


The square or rectangular duct has 
need for more metal for equal vol- 
umes. 
inefficient corners where the air is 
difficult to move and must be almost 
neglected when one calculates the air 
it can carry. The rectangular duct, 
however, harmonizes with building con- 


582 


Also the square duct has four! 4 


| 
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23-6. Round and rectangular ducts. The arrows indicate 
how the air flow is slower the closer the air is to the 
surfaces of the duct. 


struction and fits into the walls and 
ceilings better. It also is easier to 
install rectangular ducts between joists 
and studs. 

A table has been developed showing 
the rectangular ducts that have equal 
carrying capacities to round ducts, 
Fig. 23-8. 

A 20 inch round duct has a perimeter 
of: Diameter x77 =circumference 

(perimeter) 

20 x 3,1416= 62.832 inches. 

A rectangular duct of equal capacity 
is 14 x 23 in. It has a perimeter of 
W+W+D+ D= perimeter 
23+ 23+14 +14 = perimeter 
46 +28 = 74 inches 
14 inches - 62.832 = 11.17 inches 

This means 11.17 inches of metal 
more around, and that for each length 
of duct an extra square foot of metalis 
needed. 


| 
(23-9, DUCT SIZES 
j 

To determine the size duct that 
Should be used to carry air to a room, 
it is necessary to first find the volume 
jof air that is to be delivered to the 
room. 
| This volume of air depends on the 
‘Amount of heat the air must deliver to 


the room during the heating season or 
the amount of heat to be removed 
during the cooling season. 

These calculations are not com- 
plicated in most cases, but situations 
using split heating systems, etc. make 
the problem more complicated. 

The amount of air delivered to a 
room must always be equal to or ex- 
ceed the minimum ventilation require- 
ments, 


23-10. AIR VOLUMES FOR HEATING 


If the heated air is furnishing all 
the heat for a room, three things must 
be known to be able to calculate the air 
volume: 

1. The heat load 

2. The room temperature 

3. The duct temperature 

The heat load can be determined 
by using the methods described in 
Chapter 24. The room temperature is 
decided by the designer, normally it is 
72 F. dbt. The duct air temperature is 
more difficult to decide. If a low duct 
temperature is used, large air volumes 
will be necessary to carry enough heat. 
If high duct temperatures are used, the 
furnace will have to operate with higher 
chimney (stack) temperatures, and the 
ducts themselves may have to be in- 
sulated. 

Engineers recommend that the 
grille temperatures be at least 125 F., 
and that duct temperatures be near 
140 F. The lowest temperature needed 
to obtain these results depends on the 
duct lengths. Knowing that the specific 
heat of air is .24 Btu/lb., the weight of 
air needed is easily found by using the 
specific heat equation. 

Room Heat Load= .24 x Wt. of airx 
the temperature difference 
For example: 

What is the air weight if a room has 
a heat load of 20,000 Btu/hr? 

With a room temperature of 72 F. 
and a duct temperature of 140 F., the 
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23-7. A friction chart for low volume air flow in ducts. 


(Am. 


temperature difference is 68 F, 
20.000 = .24 x Wt, of air x 68 


2 = wt. of air 
.24 x 68 

20000 = wt. of air 
Gres2 


1225.5 pds= wt. of air per hour 


Divide by 60 min/hour 


Soc. of Heating and Air Conditioning Engrs.) 


the duct temperatures, This value is 
obtained from the psychrometric chart, 
Fig. 22-13. 

One pound of air = 17.1 cu, ft. If 
the chart does not read as high as 
140 F., one can calculate for this vol- 
ume using Charles Law and knowing the 
volume at 72 F. dbt. and 50% rh (13.55 


20.435 pds = wt. of air per min. cu. ft.) 


To obtain the volume, one must first 13.55 
find the volume of one pound of airat Vol. 


— _460 + 72 o SA 
= 460+ 140 -~ 600 
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£3.55 x 600 = 

113.55 x 600 
532 

8130 — Vol Die” 

532 

m.16 = Vol 

The volume of air/ min. 

‘lbs./ min. x 17,16 cu. ft. 

Vol. = 350.7 cu. ft./ min. 


Vol x 532 
Vol 


is 20,435 


One must now determine the duct 
isize. Two separate items must be 
considered. If the space is limited, the 
area of the duct is already fixed. For 
example, if the duct is to run between 
studs in a partition, the space avail- 
able is 14 x 3 1/4 in. maximum (2 x 4 
studding on 16 in. centers). This duct 
has an area of 
14x31/4= 43.5 sq. min. 

5.5 = .316 sq. ft. 

14 

Using the above volume 

The velocity in ft/min x .316 sq. ft. 
= 350.7 cu. ft./ min. 

Velocity = 350.7 

.316 
= 1110 ft/min. 
| This velocity produces air turbul- 
‘ence noise and one must therefore use 
two ducts of 14 x 3 1/4 in. size. 
| The velocity will now be 555 ft./ min. 
which should be satisfactory. 


23-11. AIR CIRCULATION 


Heating systems have used these 
| systems to circulate the air. 

1. Gravity 

2. Intermittent forced air 

3. Continuous forced air 

The gravity system is decreasing 
in popularity. However, it has the 
advantage of simplicity and a steady 
temperature in the rooms. A Standard 
Code for Installation of Gravity Warm 
‘Air Heating Systems is published by 
the National Warm Air Heating and Air 
—o Association, 


This code recommends register or 
grille temperatures of 175 F, It has 
tables that indicate the Btu carrying 
capacity of five different duct combina- 
tions for either first or second floor 
registers. 

The same association has developed 
a Code for mechanical warm air sys- 
tems, 

The continuous blower operation 
system is increasing in popularity. 
This system provides a more constant 
temperature in the rooms. 


23-12. UNIT PRESSURE DROP 
SYSTEM 


When air is forced through a duct, 
it follows the path of least resistance. 
Many air conditioning duct systems 
have several openings for the air to 
escape from the duct. A duct witha low 
air flow resistance will allow most of 
the air to flow through it, and the 
other ducts will not obtaintheircorrect 
amount of air. In the past many duct 
installations were made that fed too 
much air to some rooms and did not 
heat other rooms sufficiently. 


The unit pressure drop calculating 
system, uses the same pressure drop 
for each length of duct throughout the 
system. 

For example, if the total heat loadis 
80,000 Btu/hr, and there are five 
rooms with heat loads as follows: 

l. Living Room = 25,000 Btu/hr. 
2. Dining Room = 15,000 Btu/hr. 
3. Kitchen = 5,000 Btu/hr. 
4, Bathroom = 8,000 Btu/hr. 
5. Bedroom No. 1 =15,000 Btu/hr. 

6, Bedroom No, 2=12,000 Btu/hr. 


Based on the previous problems 


Btu/hr.= 20,000 = 5.7 Btu/cu. ft. ofair, 


cfm 350.7 
the air volumes required per min. for 
each room are: 
1. Living Room 438.6 cu. ft./ min. 
2. Dining Room 263.2 cu. ft./ min. 
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Kitchen 87.73 cu. ft./ min. 
Bathroom 140.3 cu. ft./min. 
Bedroom No.1 263.2 cu. ft./ min. 
. Bedroom No. 2 210.5 cu. ft./ min. 
The total air volume is 1403.53 cu. 
ft./min. 

To determine the duct sizes to 
handle the air volumes specified above, 
data must be obtained about air flow, 
Figs. 23-7 and 23-8. This chart has 
four variables (1) Friction loss in 
inches of water on the horizontal scale 
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23-8. A friction chart for high volume air flow in ducts. 
(Am. Soc. of Heating and Air Conditioning Engrs.) 


(2) Cu. ft. of air/min on the vertical 
scale (3) Velocity on a scale that 
slants down to the right and, (4) a 
round duct diameter scale that slants 
down to the left. 

In the problem above the main duct 
must handle 1403.53 cu. ft./min. To 
keep the velocity to a low noise level, 
a friction loss of .04 in H30 per 100 
ft. should be used. On the chart, these 
two values meet and show that the 
velocity will be 730 ft./min., and the 


CONDITIONING 


Dimensions in Inches 


>e 
Re- 

TAN: 8 8 9 10 il 12 13 Ms 15 18 1 1R 19 
OULA 

Duct 

6 6.6 

7 7.14 7.7 

8 17.5) 8.2) 8.8 

9 |80/86) 9.3] 0.9 

10 §.4} 9.1 | 9.8 [10.4 [0.9 

11 8.8 | 9.3 [10.2 [10.8 [11.4 |12.0 

12 9.1 | 9.9 JO 7 [11.3 {11.9 |12.5 [13.1 

13 | 9.5 [10.3 [11.1 [11.8 [12.4 113.0 $13.6 |14.2 

14 9.8 110.7 |11.5 [12.2 12.9 [13.5 [14.2 [14.7 115.3 

15 10.1 [$1.0 [11.8 [12.6 113.3 [14.0 [14.6 |15.3 115.8 [16.4 

16 10.4 į11.4 [12 2 $13.0 [13.7 [14.4 [15.1 [15.7 116.3 [16.9 [17.5 

17 110.7 [11.7 [12.5 [13.4 [14.0 114.9 [15.5 $16.1 116.8 |17.4 118.0 118.6 

18 [01.0 [19.9 [12.9 {13.7 [14.5 [15.3 116.0 [16.6 [17.3 117.9 [18.5 [19.1 [19.7 

19 [t1.2 [12 2 fi3.2 [14 1 114-9 {15.6 [16.4 17.1 [17.5 [18.4 [19.0 [19.6 |20.2/20.8 
20 FILLE [12 5 [13.5 Jha 4 |15.2 115.9 [16.8 [17.5 118 2 jis s |19.5 {20.1 120. 7121.3 
22 [12.0 [13.1 [14.1 115.0 915.9 [16.7 (17.6 [t8.3 {19.3 [19.7 }20.4 [21 O [21.7122.3 
24 [12.4 113.6 $14.6 [15.8 [16.6 |17.3 |18.3 [19.1 |19.8 |20.6 |21.3 |21.9 |22.6/23.2 
26 |12.8 [14.1 {15.2 [16.2 j17.2 |18.1 119.0 [19 8 [20.6 |21 4 |22 1 122.8 [23.5/24.1 
28 |13.2 [14.5 [15.6 [16.7 [17.7 {18.7 119.6 [20.5 [21.3 [22.1 [22.9 123.6 |24.4125.0 
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36 14.7 [16.1 117.4 |18.8 719.8 }20.9 [21.9 [23.0 123.9 [24 8 [25.8 126.6 |27.4|28.3 
38 116.0 |1C.4 17.8 119.0 [20.3 21.4 ]22.5 [23.5 [24.5 25.4 ]26.4 |27.3 [28. 1129.0 
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23-9. The width of duct necessary fot a rectangular duct 
to equal the carrying capacity of a round duct. 
[Am. Soc. of Heating and Air Conditioning Engrs.) 


round duct will be 18 1/2 in, in dia. 
Using this same friction loss for 
the branch ducts, one may obtain the 
following round duct sizes. 
1, Living Room = 550 ft./min. and 
12.1 in. diameter 
2. Dining Room = 480 ft./min. and 
9.8 in. diameter 
3, Kitchen = 370 ft./min. and 6.9in, 
diameter 
4, Bathroom = 410 ft./min. and 7.9 
in, diameter 
5. Bedroom No. 1 = 480 ft./ min, and 
9.8 in. diameter 
6. Bedroom No. 2 =460ft./ min. and 
9.2 in. diameter 
These velocities are reasonably 
low, and the system would work, How- 
ever, a more accurate system is the 
total pressure drop system. 
The round duct diameters are 
changed to rectangular duct sizes by 
the table shown in Fig. 23-9. 
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m When changing round duct sizes to 
rectangular duct sizes, it is important 
to remember that partition ducts can- 
not exceed 34 in, in depth and’14 inches 
in width. Also, all the ducts inthe base- 

“ment should have the same depth for 
appearance purposes and to enable easy 
concealment of the ducts in cases 
where the basement is used as a re- 
creation space or living quarters. It is 
recommended that the basement ducts 
not exceed 8 in. in depth. 
| 


23-13. THE TOTAL PRESSURE DROP 
SYSTEM 


The unit pressure drop system is 
accurate enough for simple duct in- 
stallations that do not have long duct 


BEDROOM #2 


BEDROOM # | 


BATHROOM 


O/N/ING ROOM 


L/V/NG ROOM 


23-10. A typical duct installation. 


runs or great differences induct sizes. 

A more accurate systemis based on 
having the same total pressure drop 
from the fan to each outlet, Fig. 23-10 
shows the duct system used with the 
rooms as calculated in Paragraph 23- 
12. To keep the various ducts identi- 
fied, it is good practice to letter each 
different size duct. 

In the illustration, the following air 
volumes must be carried. 

Duct Air Volumes 

A 1404 
930 
790 
526 
439 
220 
220 
474 

I 211 

To be sure that the correct air 
volume leaves each outlet, it is neces- 
sary to have each outlet produce the 
correct equal amount of air resistance. 

The method followed is todetermine 
the longest and most complicated duct. 
This combination is obviously A, B, C, 
D, E, and F. 

If one were to assume a total pres- 
sure drop of .04 inches of water, this 
total means that the pressure drop to 
each room outlet must be .04 inches. 
For example, the opening to the bath- 
room is the shortest overall distance. 
It must have the same total pressure 
drop as the longest run through F. 

An important part of this duct 
design is that the bends and elbows 
must be considered when determining 
pressure drop. Generally speaking, the 
pressure drop of one elbow is equal to 
10 diameters of the duct. Assuming 
there is one large bend above the 
furnace and that the grilles are located 
at the 7 ft. level in the room, the total 
length of duct AB CD E F is approxi- 


Jaga wW 


mately: 
Elbow (18x10) 15 ft. 
A 12m. 
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23-11. Air flow in duct bends and elbows. 
Elbow (16x10) ISEN 
B 2 
C 8 
D 2 
E 4 
Elbow (93x10) 8 
F 8 
Elbow 8 
Vertical Rise 7 
Elbow 8 
Total 95 ft. 


The total length (equivalent) is 95 
feet. Because the .04 in. pressure drop 
was for 100 ft., the new pressure drop 
for each actual foot of duct is: 

100 x .04= 20 x .04~ .8—.042 in 
95 19 "19 
water/ 100 ft. 

However, more important than this 
factor is the pressure drop in each 
section of the longest duct. 

Elbow (18in, x 10)= .04x 15 = .0063 
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23-12. Pressure conditions in a simple duct and fan in- 
stallation. A. Intake; B. Fan and motor; C. Exhaust; M-I. 
Atmospheric pressure; M-2. Negative pressure; M-3. 


Positive pressure; M-4. Atmospheric pressure. 


12 
A = .04 X95 ~ 9050 
: 13 2 
Elbow (16in. x 10) = .04 x95 .0055 
2 
B - .04 X Gq — 0008 
C = me 0034 
— ¢è 95 ae 
D = eee 0008 
=n g5 F: 
E 04 1- 0016 
Sy xop. 
Elbow (9¿x 10) =.04 xe 0034 
F = .04 eee, =.0034 
S 95 = 
8 
Elb z .04x——= .0034 
Ow XTE 
Vertical Rise =.04 Xee=.0029 
Elbow Sire Mee 
95 
Total z .0399 =.04 


in water pressure drop 

Knowing the pressure drop in each 
part of the longest duct, one can now 
determine the pressure loss up toeach 
branch duct, and then from this value 
and the length of the branch duct 
determine the pressure loss 100 ft. for 
each branch duct. 

For example. The kitchen duct. 

The pressure loss up to the kitchen 
branch duct is .0063+ .0050 + .0055 + 
.0008 + .0034 , .0008 = .0218 

If the total pressure drop to the out- 
let at the kitchen must equal .04inches 
water, therefore .0400 - .0218 =.0182 
as the pressure drop in the kitchen 
branch. 

The kitchen branch has an equiva- 
lent length of 
Elbow (6.9” x 10)=6 ft. 


Riser Zt 
Elbow (6.9’’ x 10)=6 ft. 
Total 19 ft. 


If the pressure drop in 19 ft. is 
.0182, the pressure drop per 100 ft. = 
.0182 x 100 = 1,82 =.096 in. water/100 

“19 19- 
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23-13. Principal types of fans. A. Axial flow; B. Radial 


flow. 


ft. From the graph, using 87.73 cu. 
ft./min. volume and the resistance of 
.096 in., the following data is obtained: 
Size = 5.8 in. dia. 
Velocity = 530 cu. ft./ min. 

Notice how these values differ from 
the unit pressure drop values. 


23-14. ELBOWS 


Air has inertia. That is, air has 
weight and it obeys the Newton laws of 
motion. In addition, airis compressible 
and, because ofthese laws, airin motion 
has the following characteristics: It 
takes energy to make air flow change 
direction. The air wants to flow in a 
straight line, and it therefore crowds 
against the outside on turns. Fig. 23-11 
(A) represents a typical elbow. It has 
a very short radius of bend. The pres- 
sure drop through the elbow is about 
10 times an equal length of duct. (C) 
is a much better air flow duct, but its 
cost and room for installation make it 
impractical for many installations. 
(B) is a turbulent air duct design, and 
(D) is the type of duct with a much 
better air flow design. (E) is a duct 
elbow with vanes located at the bend. 
These vanes (F) considerably reduce 
the pressure drop. 


23-15. FANS 


Air movement is usually produced 
by some type of fan. These fans are 
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usually located at the inlet of the air 
conditioner, Air movement can be pro- 
duced by either creating an above 
atmosphere pressure (positive pres- 
sure) or by creating a below atmos- 


23-14. Blade for axial flow fan. 
(Torrington Mfg. Co.) 


23-15. Rotor for radial flow fan. 
(Torrington Mfg. Co.) 


phere pressure (negative pressure). 
Actually, all fans produce both con- 
ditions; the air inlet to a fan is below 
atmosphere condition, and the above 
atmosphere condition is in the exhaust 
of the fan. See Fig. 23-12. The airfeed 
into a fan is called induced draft and 
the air exhaust from a fan is called 
forced draft. 

There are several types of fans, 
but the two most popular are: 

1, Axial flow fan (propeller) 

2. Radial flow fan (squirrel cage) 


589 


MODERN REFRIGERATION, AIR CONDITIONING 


The basic construction shows that 
the type of fan is named after the 
direction the air flows, If along the 
axle, it is called axial flow. If perpendi- 
cular to the axle (radius), it is called 
radial flow, Fig. 23-13. The blade or 
rotor elements are shown in Fig. 
23-14 and Fig. 23-15. 


23-16. A manometer used for measuring air flow in 
ducts and also for checking drafts. A. Open ready for 
use; B. The flexible tube permits easy storing. 

(F. W. Dwyer Mfg. Co.) 


23-16. INSTRUMENTS 

Because air is invisible, instru- 
ments are especially important to 
measure air flow and pressure con- 
ditions. Thermometers and pressure 
gauges are already known tothe reader. 
Some different instruments especially 
useful for air flow study are: 

1, Manometer 
Barometer 
Pitot Tube 
Anemometer 
Smoke as a velocity indicator 
Kata Thermometer 
Hot Wire Anemometer 


AJOnhwWhW 


23-17. MANOMETERS 


The manometer is a U-shaped tube, 
filled with a liquid, Fig. 23-16. Ifthere 


23-17. A simple manometer in operation. A. Glass 
tube; B. Scale; C. Rubber connecting tube; D. Pressure 
being measured. The pressure is indicated by the dif- 
ference in level of the liquid in the two sides of the 
manometer and is usually measured in inches. 


is a pressure difference on the two 
openings, the column of liquid will 
move until the liquid level in the low 
pressure side will be high enough so 
that its weight and the low pressure will 
equal the higher pressure in the other 
tube. See Fig. 23-17. The fluid used in 


20 
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23-18. A dial type manometer. Note that the calibra- 

tion is in inches of water. A. Indicates the dial and the 

zero adjustment. B. Shows the operating mechanism. 
(F. W. Dwyer Mfg. Co.) 
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e manometer may be either mercury 
or water. Mercury is used for large 
pressure differences and water for low 
pressure differences. Duct pressures 
usually call for water manometers. 
Scale B is usually movable to make it 
easier to adjust for the neutral point. 


23-19. A simple mercury barometer. 


Sudden pressure changes must be 
avoided, or the liquid may be forced 
out of the manometer. 
Manometer scales are based on the 
following data: 
14.7 psi.= 29.9 in Hg = 34 ft. water 
lin. hg. = .492 psi 
l psi. = 2.034 in. hg. 
l psi. = 2.31 ft. water 
| 1 ft. water = .432 psi 
l in. water = .036 psi 
Dial type manometers are also 
‘available. They are more portable and 
‘are popular, Fig. 23-18. 


23-18. BAROMETER 
| 

The barometer is a special form 
of a manometer. It is sealed at one 
end and uses mercury as the liquid. 
‘Because the pressure height is in- 
dependent of the diameter, a single 
‘tube can be used, Fig. 23-19. 


t 


This instrument is used to deter- 
mine the pressure of the atmosphere 
at any particular place or time. 
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23-20. A pitot tube. 
(Am. Soc. of Heating and Air Conditioning Engrs.) 


23-19. PITOT TUBES 


It is essential that air velocities be 
measured accurately in air condition- 
ing. One must be able to measure duct 
velocities to determine the air volume 
and also, to see if the system is operat- 
ing close to its design conditions. 

One of the best ways to determine 
air velocities is to use a pitot tube, 
Fig. 23-20. Air contacting the nose of 


10 O 10 20 me 4 


Badd lelue or. 


23-21. An inclined gage for use with pitot tube. This 

gauge may also be used for measuring filter pressure 

drops. The unit must be carefully leveled (note the spirit 

level). The liquid level is easily adjusted to the zero 
reading. 

(F.W Dwyer Mfg. C 
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the pitot tube creates a total pressure, 
and the outer tube with the holes onthe 
side measures the static pressure. 
When these two pressures are connect- 
ed to the end of a manometer, the dif- 
ference in the pressures is the velo- 
city pressure. An inclined manometer 
is used with the pitot tube to measure 
the velocity pressure, Fig. 23-21. 
This pressure difference is meas- 

ured in inches of water. Using the 
formula 
Velocity = 4050 square root of Velocity 
Pressure in inches of water. 
If the velocity pressure is 1 inch of 
water, the velocity will be: 

Velocity = 4050 square root of 1 in. 

Velocity —4050 x 1 

Velocity = 4050 ft./ min. 


Volume Velocity 

Cu.ft./lb.* constant 
ae 3720 
12.1 3818 
de 3980 
¥#13.4 4,010 
Al 4118 
15a 4260 
16.2 4410 
IG al 4530 


*Values for any conditions 
may be read from the psy- 
Chrometrie Chart . 


**Standard 


23-22. The change in velocity correction factor with a 
change in air density (effect of temperature and altitude). 


If the velocity pressure is .25inches of 
water: 
Velocity = 4050 square root of .25 
Velocity = 4050 x .05 
Velocity =202.50 ft./ min, 

The constant 4050 is for approxi- 
mately 80 F. at a 500 ft. altitude. 
Other values are shown in Fig. 23-22, 
It is very essential that the manometer 
be mounted level to obtain accurate 
readings. 
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23-20. VELOCIMETERS 


To avoid the arithmetic necessary 
with pitot tubes and to obtain quicker 
results, velocity measuring instru- 
ments have been developed that indicate 
the velocity directly. Some of the in- 
struments are based on the cooling 
effect of the air flow on electrical 
resistance, Fig. 23-23. Some impinge 
the air on a small vane that tilts at 
different angles as the air pressure 
increases, Such instruments are being 
used extensively, Fig. 23-24. 

The instrument is put directly in the 
air stream with the left side facing the 
air flow. The instrument shown has two 


velocity scales 0-400 and 0-1600 feet — 


per minute. The dotted lines show the 
air flow through the instrument proper. 
This instrument canbe used to measure 


air velocities in a great variety of . 


situations, 

For velocity readings where it is 
inadvisable to put the instrument inthe 
air stream or if the instrument cannot 
be placed in the air stream, special 
jets are available to get the readings. 
Such an arrangement is shown in Fig. 
23-25, 


23-23. A direct reading air velocity indicating instru- 
ment. 
{Anemostat Corp. of America) 


9 


_ A. Indicates the instruments 
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23-24. A direct reading air velocity meter. Note the 
air tlow through the instrument from left to right. 


(Illinois Testing Laboratories, Inc.) 


23-25. Measuring the velocities at a grille. An average 
of several readings over the grille face should be taken. 


used at a discharge grille; 


B. Indicates the suction opening application. 
(Illinois Testing Laboratories, Inc.) 


The instrument can be used to 
measure air velocities out of a grille. 
Note that a special jet is attached to the 
air inlet of the instrument by means of 
a flexible tube. The air velocities into 
a cold air return are measured as 
shown. The jet is connected to the air 


outlet connection of Velocimeterinthis 
case, 


A very important use of the instru- 
ment is shown in Fig. 23-26. This jet 
can be used to measure velocities in 


23-26. The direct reading air flow meter being used to 
determine the air velocity inside a duct. 
{IIlinois Testing Laboratories, Inc.) 


the main ducts and branch ducts. An 
instrument of this type is very neces- 
sary to balance air distribution sys- 
tems. 

The readings are very accurate. 
However, for extreme temperatures, 
the correct fpm =460 F.+T x instru- 

460 F , 68 
ment-reading. 
23-21. ANEMOMETERS 

If a small propeller is put in an air 
stream it will revolve as the air flows 
past the blades. Correctly designed, 
the propeller will be practically fric- 
tionless and will measure the feet of 
air flowing past the blades. If the pro- 
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peller is connected to a dial calibrated 
in feet, it will indicate the feet of flow. 
These devices have a start lever and 
also a return to zero lever. To use the 
instrument, carefully place it intheair 
stream, allow it to reach a constant 
speed, then trip the registering mech- 
anism, At the same time start a stop 
watch. Allow the unit to operate for 1 
minute, then trip the stop level and 
stop the watch. Record the reading and 
the time. From this data the velocity 


23-27. An anemometer used for measuring air flow. 
(Taylor Instrument Companies] 


of the air in feet per minute may be 
readily computed. See Fig. 23-27. 

If the reading is 236 for } minute, 
the velocity will be 452 ft./ min. 

The pitot tube, the direct reading 
velocimeters, and the anemometers 
are not accurate at low air velocities. 

To obtain correct velocity readings 
in a duct, several readings in various 
parts of the duct should be taken and 
the readings averaged. These readings 
must be accurately located, or a false 
value will be obtained. See Fig. 23-28. 
The rectangular duct is divided into 
equal areas, and the pitot tube is put 
in the center of each small area. The 
sixteen velocities are averaged to ob- 
tain the overall average velocity. The 
round duct is more difficult to meas- 


PITOT TUBE STATIONS INDICATED BY © 


EQUAL CONCENTRIC 
AREAS 


CENTERS 
OF AREAS 


16 = 64 EQUAL 
RECTANGULAR 
AREAS 


CENTERS OF -316R 

AREA OF TNE EQUAL fe sagr- 

CONCENTRIC AREAS TOIR A+B 
=i a 
$ 949R —m 


23-28. Locations for velocity readings in a duct. The 
average of the readings will produce the average duct 
velocity. 0 indicates points of pitot readings. 
(Am. Soc. of Heating and Air Conditioning Engrs.) 


ure, because it must be divided into 
equal circular areas. The location of 
each of the structure points is as re- 
commended by the Society of Heating 
and Air Conditioning Engineers. 


23-22. DRAFT INDICATORS 


Drafts of 15 to 25 ft./min. are 
allowable. If the air movement is less 
than this, air stagnation results. If it 
is more than this, the persons exposed 
to the draft are uncomfortable. 

To determine the amount of the 
draft and the direction, the most suc- 
cessful method has been to use smoke 
(visible vapor). Smoke generators re- 
lease small puffs of smoke into the 
Space being tested, and the distance 
they move in 3 or 1 minute, is observ- 
ed. Several readings must be takenand 
averaged to obtain a degree of accur- 
acy. 

One type of smoke generator is 
shown in Fig. 23-29. Each of the two 
bottles contains a liquid. The aspirator 
forces the vapors from the two bottles 
to mix at the nozzle. The mixing of the 
two gases forms a white smoke that 
has a density not much greater than 
the density of air. The liquids used are 
hydrochloric acid and aqua ammonia. 
The smoke formed is ammonium chlor- 
ide. 
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i 
23-23. TEMPERATURE 


In many air conditioning “installa- 
tions, it is necessary to know the tem- 
peratures of the heat exchange sur- 
faces, the ducts, etc. Almost all tem- 


perature indicating instruments are 
] 
' a) ) 
Y 
C 
A ve) 


23-29. A smoke generator. A. Hydrochloric acid con- 
tainer; B. Aqueous ammonia; C. Rubber aspirator bulb. 


used for these purposes, A quick read- 
ing instrument that is easily used is 
shown in Fig, 23-30. This instrument 
has a scale from 0 to 600 F. and it 
operates onthe thermocouple principle. 
Other temperature scales are also 
available. To use the thermometer 
place the end of the adjustable probe 
against the surface where the tempera- 
ture is to be measured. 


23-24. REVIEW QUESTIONS 

1, Does air have weight? 
. What is the specific heat of air? 
What two air conditioning func- 
tions can air be used for? 

4, How can air produce noise? 


w Ny 


C 


gm 


23-30. A temperature measuring instrument for obtain- 


15. 


16. 
17. 
18. 
19); 


20. 
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ing air and surface temperatures. 
(Illinsis Testing Laboratories, Inc.) 


. How fast must air be moved to 


produce a noticeable draft? 


. What cross section duct is the 


most efficient? 


. Name the two popular types of 


air circulating fans. 
What produces air flow? 


. Why do elbows offer a great air 


flow resistance? 


. How can air flow in an elbow be 


improved? 


. Why must a multiple outlet air 


duct be carefully proportioned? 


. Why is water used as apressure 


indicating liquidin manometers ? 
is a differential mano- 
meter? 


. How does one find velocity pres- 


sure? 

Why must one take very careful 
readings when measuring duct 
velocities ? 

What is air turbulence? 

What is air stratification? 

Of what material are ducts 
made? 

What is the basis for the total 
pressure drop system? 
List several ways to 
noise in air ducts. 


reduce 


Chapter 24 


HEAT LOADS 


24-1. HEAT GAIN 

It is important that the proper size 
air conditioning machine be used forthe 
job it has to do. Fundamentally the air 
conditioning unit is a heat machine. 
For heating, it must put enough heat into 
a Space to make up for the heat losses 
(heating); for cooling, it must remove as 
much heat as the space accumulates 
(cooling). 

Whenever a temperature difference 
exists, heat energy will flow from the 
higher temperature to the lower tem- 
perature level. It is necessary to 
retard this heat flow as much as 
possible, because what heat is moved 
must be replaced in the case of heat- 
ing, or the heat must be removedinthe 
case of cooling. 

The most common method is to 
determine the maximum amount of heat 
involved for the period of one hour. 


24-2. TYPES OF HEAT LOADS 
Heat loads consist partly of heat 


that is transmitted through the walls, 
ceilings, and floors (conduction). 


1. From the outside to indoors 
(heating). 

2. From the inside to outdoors 
(cooling). 


The heat load also involves the heat 
necessary to control the moisture con- 
tent in the air. 

1, Adding moisture (humidifying 

requires additional heat) 
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2. Removing moisture (dehumidify- 
ing requires removal of heat) 

The heat load consists of condition- 
ing the air that enters the building by 
leakage and for ventilation. The sun 
produces heat in buildings directly 
through the windows, and by heating the 
surfaces it shines on (a cooling load). 
Any energy device in the building 
produces heat. Such items as light 
fixtures, electric motors, electric 
stoves or gas stoves; all produce heat. 
People, too, release a considerable” 
amount of heat. 

In all cases the heat load can be 
described as either sensible heat load 
or latent heat load (moisture). { 


24-3. HEATING LOADS 


Heat loads for heating consist of all. 
those means by which heat will be lost. 
from a building or to the warming of 
cold substances that are brought into | 
the building. W 
The two main heat losses are: 3 
1. Heat lost by conduction through ` 
structure walls, ceilings, and 
floors. a 

2. Heat lost by the airthat leaks out i 
of the building and that which? 
leaks into the building (exfiltra- 
tion and infiltration). 

Normally all other heat losses are | 
ignored, because they are relatively 
too small to affect the size of the unit to 
be installed. 


| HEAT LOADS 


Constants For Heat Transmission 


Expressed in Btu per hour per square foot per degree temperature difference, 
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MASONRY THICKNESS 


GENERAL WALL CLASSIFICATION = 
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(American Society of Heating and Air Conditioning Engineers) 
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24-4. COOLING LOADS 


There are definite sources for heat 
gain in warm weather: 


1. Heat leakage into the building. 

2. Air leakage into the building or 

ventilation air. 

3. Sun load. 

4, Heat from appliances, 

5. Heat gain from occupants. 

Heat gain is the term applied to heat 
gained by a space that is being cooled, 
and the heat must be removed to keep 
the temperature and humidity at the 
values desired. 

This heat gain is produced by heat 
conduction through the walls, ceilings, 
floors, windows, and doors of the 
enclosure. Also heat moves into the 
room by way of infiltrated air. The 
people or any animals in the room also 
give off heat. Miscellaneous sources of 
heat are electrical devices (lights and 
motors), gas burning devices, steam 
tables, etc. Another source of heat that 
may be considerable in some cases is 
heat from the sun or sun effect. 


24-5. HEAT LEAKAGE 


Heat leakage is that heat that is 
conducted through the walls, ceilings, 
and floors of the building. If one knew 
the heat that would pass through a wall 
for each sq. ft., for each degree F., 
and for each hour, it would be only 
necessary to find the area of each type 
of surface through which the heat is 
leaking, and by simple multiplication 
to find the total heat leakage. All 
building materials have been carefully 
tested in laboratories and from this 
data one can obtain the amount of heat 
that will transfer through almost any 
enclosure surface built today. This heat 
transfer is called conductivity, and as 
there are three general conditions, the 
following terms are used. 


K is a letter representing the Btu 
that will be seen through one sq. ft. of 
substance in one hour if thereisatem- 
perature difference of one degree Fah- 
renheit, and if the insulation is one unit 
thick. 

Thus the units of K are Btu/sq. ft./ 
F/hours/thickness., 

The letter C is used to mean the 
heat transfer through a wall made of 
different substances. 


pi er 
(ee Si Ko K3 
1 
CS 
xy , 32 no 
K] Ko K3 


The letter U is almost the same as 
C, but the value represents the addi- 
tional resistances of an air film on 
each side of the surface. 


oA 
HXi Xo 11, Xe Xs 1 
fi Ki K3 K3 Ta 


Where f4 is the heat transfer through 
the dead air film. 

The U value is the one always used 
when determining the heat transfer 
through an enclosure surface 
U = Btu/sq.ft./ F/hour 

U is the symbol for leakage air to 
air through a complex structure, Thel 
value for almost every construction car 
be obtained from the ‘‘Guide,” a re! 
ference book published by the Society 
of Heating and Air Conditioning Engin- © 
eers, Figure 24-1 is a simplified table 


for some of the more common con- 


structions. 

Therefore, if one knows that the l 
factor is .25, that the design tempera- 
ture conditions are 70 F. indoors ant 
0 F. outdoors, and that the area is 
1200 ‘sqreit., 
heat load as follows: 

Heat Load=Area x Temp. Diff. x U factor 

The total area in this case is 

8 x 14’= 112 sq. ft. 


but the heat transfer through the win 
| 
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one may calculate the 


FEAT 


Extreme 
Temperatures 


City 


High 


Mobile......... 
Phoenix........ 
Little Rock 

San Francisco. 
Denver. . T 
New Haven..... 
Washington. .... 
Jacksonville 
Atlanta.. 
Boise.... . ... 
Chicago.. ...... 
Indianapolis 
Dubuque 
Wichita ........ 
Louisville... .. |. 
New Orleans 
Portland .. : 
Baltimore...... 
Boston ......... 
Detroit......... 
St. Paul. 
Vickshurg. .... 
Siou ne 


103° 
119 
108 
101 
105 
101 
106 
104 
103 
121 
103 
106 
106 
107 
107 
102 
103 
105 
104 
104 
104 
10-4 


January 


LOADS 


Mean Design Conditions 
Tem peratures 


| Winter Summer 


July | Dry Bulb! pry Bulb? Wet Bulb 


Ionii 
25 

5 
30 


95 
110 
9) 
90 
95 
95 
90 
95 
95 
100 


Ba a wi 15 100 A 
Winnemucca... —28 104 29 Al —10 95 i 
Charlotie....... = 103 | 4l F 10 96 79 
Bismarck .. .. —45 108 8 a =; 98 5 
Concord. . ... —35 102 22 68 —15 95 fe 
Atlantic City... | — 7 104 32 2 0 95 73 
sanalke e a; 97 29 69 0 92 70 
New York City.. —l4 102 31 74 0 95 an 
Cincinnati. . T —l? 105 30 75 0 98 TR 
Oklahoma City. —l1? 108 36 81 0 100 76 
Portland .... . —2 104 39 67 10 95 70 
Philadelphia. ... — 6 106 33 T 0 95 78 
Providence... ... —12 | 101 29 AX 0 95 13 
Charleston TRN 7 104 50 81 15 96 80 
Pierre. eee —40 112 16 Fa —20 100 ne 
Nashville —13 106 39 ve 5 98 79 
Galveston .... 8 101 54 83 25 95 78 
Salt Lake City ..| —20 105 29 5 95 70 
Burlington... . —28 100 19 5 —15 92 7 
Norfolk.. ...... 2 105 4] 79 10 98 A 
Seattle... ..... 3 98 40 63 10 90 67 
Parkersburg... .. —27 106 32 75 — 5 96 aa 
Milwaukee.. .... —25 102 21 | F —15 91 19 
Chevenne Jon a 100 26 7 —15 92 70 


24.2. 


(American Society of Heating 


dows and doors is different. So their 
area must be taken away from the wall 
urface. 

indow = 2’ x 4’ = 8’ sq. ft. 


oor = 3’ x 7’= 21’ sq. ft. 
2¢@ sq. ft. 
The wall surface therefore will 
qual 


m2 sq.ft. - 29sq.ft.= 83 sq. ft. 


The heat transfer can now be deter- 
mined. 
Wall QSA a BE Ca ft. x 70 F. 
12.41 x 70 
868.7 Btu/hr. 
oSm sq. ft x 70F. 


] 


Wind Ow 
f 


Design conditions used for calculating heat loads for heating or cooling for various regions of the U. S. 


and Air Conditioning Engineers) 


= ERROR 
= 33.64 x 70 
= 2364 Btu/ hr. 

As another example, a brick veneer 
wall, no insulation has a U of .27. This 
value means that .27 Btu will transfer 
through each sq. ft. of the wallforeach 
1 F. temperature difference in one hour. 

This U value is based ona 15 mi./hr. 
wind on the outside and a 15 ft./min. 
draft on the inside wall surface. 

The total heat Transfer (Q)= U x 
total surface x Temperature difference. 
Therefore, if there is 400 sq, ft. of 
surface and the temperature difference 


is 70 F. 
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32 plus 32 plus 24 plus 24=64 plus | 


Total Heat Transfer = .27x400x70 
Q = .27 x 28000 482 LLA iisa i 
Q = 7560 Btu per Li2 i xs ie S= DOA SC ii j 
hour This is the total wall area, and the 


window area must be subtracted. If the 
window area is 116 sq. ft., then the net 
wall construction is 

996 - 116 =880 sq. ft. [ 

The ceiling area is the width times | 
the length. 

24’ x 32’ = 768 sq. ft. 

The floor area will be computed the ,;. 
same as the ceiling. Note that wall f 
closet areas, etc. are neglected. 


= 1200 x70x%.25 
= 2100 Btu’s per 
hour 
The outdoor or ambient temperature 
is different for each locality. Figure 
24-2 shows the design conditions for 
calculating heat loads for heating and 
cooling for various regions. 


— Ta 


24-6. AREAS 


Areas are usually measured on the 
inside dimensions of the building. 

For rough estimates of the heat 
load, the complete buildingis measured 
as one unit. The areas measured are: 


1, Walls i i 
2. Windows | 
3. Ceilings l 
4, Floors |; 


The walls are measured by taking 
the length and width of the house and the 
ceiling height. To determine the total 


ie ea 


24-4. A typical double hung window showing the% 
window openings. 


Surface Area U valve Temp.Diff. Heat 


Leakage f 
It is best to set up the total heat" 

Wall, load calculations in tabular form. Fig- 
gross 996 ure 24-3 illustrates a typical heat load). 
ae 116 1.13 70 23176 calculation for the above house. Notef 
MER 5) 56 70 15400 that the temperature difference for the © 
Ceiling 768 .62 35 16666 ceiling is only 35 F, This is because 

Floor 768 34 25 6528 the attic temperature is assumed to be 

35 F., because the roof is an added 

Total 61770 


insulation and keeps the attic tempera- 
ture from equalling the outdoor tem- 
perature. The attic temperature can be 
accurately calculated by making the © 
heat leaking into the attic equal the heat ` 
leaking out. 

Ceiling area x (70-attic temp.) x 
Uc =Roof Area x (attic temp. -0 F.) x 


24-3. A typical heat load calculation for a 24 x 32 ft. 
ioe having an 8 ft. ceiling height. 


surface area, first determine the dis- 
tance around the house; this will bethe 
length plus length, plus width, plus 
width (perimeter). When these values 


are added together and multiplied by 
the wall height, the total wall area is 
obtained, For example, a house 24’ x 32’ 
with an 8’ ceiling has a total area of 


Ur. 

The temperature in the basement is 
usually considered to be approximately 
50 F. 
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4-7. WINDOWS AND DOORS 


The area of the windows is,measur- 
ed by measuring the opening in the wall. 
In a brick veneer wall, this would be 
the distance to the brick edges. Figure 
24-4, The windows maybe either single 
ane or double pane. The double paneis 
usually called storm sash although 
some companies are making double 
ane panels assembled at the factory. 
See table 29 - 1 for ‘‘U’’ value of 
windows. 


24-8. CEILINGS 


The ceilings are usually made with 
a plaster finish fastened to lath, which 
in turn is fastened to joists. Variations 
in construction using rock lathonother 
surface finishes will not change this 
calculation to any great extent. If the 
joists do not have a floor overthem, or 
if there is no insulation between the 
joists, the heat leakage will be con- 
siderable. 

See Table 24-1 for ‘‘U’’ values for 
ceilings. 


24-9. DESIGN TEMPERATURES 


|€ The design temperatures shown in 
Figure 24-2 are the result of con- 
siderable testing and the accumulation 
of much data. A study of the table 
reveals that the places requiring the 
largest heating plant would be Helena, 
Montana, and Peirre, South Dakota. 
Those places needing the least heat are 
San Francisco, California and Jackson- 
mete. Florida. There are places colder 
and warmer than these places, and the 
local weather bureau or the local 
chapter of the Society of Heating and 
{Air Conditioning Engineers can be 


‘contacted for local data. 


| It is always best to choose design 


| . 
j2mbient temperatures on the low side, 
because heating plants that are over- 


HEAT LOADS 


24-5. A brick veneer wall construction. A. Brick; B. 
Outside vapor barrier; C. Sheathing; D. Stud and in- 
sulation; E. Inside vapor barrier; F. Lath; G. Plaster. 


worked cause excessive stack and 
chimney temperatures and may cause 
fires. 

The design temperature is neveras 
low as the lowest temperature recorded 
for the area, as these extreme lows 
are usually of short duration. The 
residual heat in the building enables 
the design temperature to handle the 
load. 


24-10. WALL CONSTRUCTION 


The wall construction of a building 
has been altered in the past few years 
to reduce heat leakage and to reduce 
moisture passage through the wall 
structure. Figure 24-5, During the 
heating season, the inside vapor barrier 
(E) is all that is necessary, while in 
summer this outside vapor barrier (B) 
is necessary. These barriers should be 
as tightly sealed as possible evento the 
extent of tarring the breaks inthe seal. 
The barriers may be made of tarred 
paper or aluminum foil. The aluminum 
foil has a reflection value as well as 
being a vapor tight seal. 
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24-11. UNHEATED SPACES 

Many spaces in a building are not 
heated. They receive their heat from 
heat leakage through the partitions, 
ceilings, and floors. These spaces are 
usually assumed to be atatemperature 
half the distance between the indoor 
temperature and the ambient tempera- 
ture. 


24-12. INFILTRATION 


Because buildings are not air tight, 
air leaks into a building if there is any 
air pressure difference, and the airalso 
leaks out during these times. The air 
pressure difference is usually caused 
by wind. Those parts of the building 


24-6. A diagram illustrating how wind direction affects 
air leakage into and out of a house. 


that the wind is pressing against are 
those areas through which the air leaks 
in. The remaining areas are those 
areas through which the air leaks out. 
Figure 24-6. 

During the heating season, the cold 
air that filters in must be heated, and 
the air that leaks out represents lost 
heat. During the cooling season, the 
warm air that filters in must be cooled, 
and the cooled air that filters out is 
lost. If the building can be sealed, this 


infiltration and exfiltration canbe min- 
imized, but one must be careful to 
always provide enough fresh air for 
ventilation purposes. 


Type of Space No. of air 


changes/hr. 
1 side exposed iL 
2 sides exposed t 1/2 


3 sides exposed 2 
4 sides exposed 2 


Entrances 2-3 


24.7. Approximate number of air changes per hour for 
various room exposures. 


Another method to prevent infiltra- 
tion is to maintain a positive air pres- 
sure within the building, and thus air 
filters out at the cracks and openings 
in the building. This practice necessit- 
ates a special fresh air intake, and 
this air must be conditioned before it 
is admitted to the building. 

Infiltration can be calculated on the 
total volume of the building basis orby 
measuring the length and size ofall the 
cracks in the building. Figure 24-7 lists 
the air changes in buildings. If a build- 
ing has a volume of 10,000 cu. ft., it 

8PM 


ee N 
NOON 


24-6. The sun rays and their impact on the walls of a 
building during a 12 hour period. 


will have at least 10,000 cu. ft. of 
fresh air filter in per hour. If six 
people occupy this space, there is 
10,000—6 or 1667 cu. ft. per hour for 
each person or 1667—60= 27.7 cu. ft. 
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per minute which is a very good 
ventilating value. If this building is 
constructed with vapor barriers, and 
all doors and windows are fitted with 
weather stripping, this air change will 
be reduced considerably. It may even 
be reduced to the point of unsafe 
ventilation. 


24-13. SUN HEAT LOAD 


The heat energy that comes from 
the sun adds considerable to the total 
heat load during the summer. The 
sun’s rays shine on the east wall, the 
south wall, the west wall, and on those 
roof sections that are open to its rays. 
Therefore, the heat from the sun must 
be considered on the east wall in the 
morning, on the south wall all day long, 
and on the west wall in the afternoon. 
Figure 24-8. 

The sun releases different amounts 
of heat to surfaces depending upon the 
part of the world in which the building 
is located. The approximate maximum 


Exposure Heat Absorption 
Bei eyar./sq.t 6. 

Southwest 110 

West 100 

South ip, 

East Do 

Single skylights INO 

Double skylights 60 


24-9. Heat absorption from the sun when the sun is 
shining on windows. 


heat pick-up or heat gain from the sun 
is 330 Btu per hr. per sq. ft. This 
condition would exist for a black sur- 
face at right angles to the sun’s rays 
near the equator (tropic). Any other 
color or any surface at an angle to the 
sun’s rays will receive less than this 
amount of heat. 

At the 42nd parallel, a line going 
through New York City, Cleveland, Salt 
Lake City, etc., the maximum heat 
from the rays is about 315 Btu per hr. 


per sq. ft. Much of the heat from the 
sun is reflected back into the atmos- 
phere, That amount of heat gainthrough 
windows that must be removed withair 
conditioning cooling is listed in Figure 
24-9, 

If the windows are protected with 
awnings, it is generally agreed that 
using an outside temperature of 15 F. 
higher than normal takes the sun suf- 
ficiently into account. The suneffect on 
walls is also taken care of by adding 
15 F. to the ambient temperature. 


The approximate values obtained by 
using the 15 F. are practically usable. 
However, there are many Special cases 
that require careful study. Of consider- 
able interest is the changing relative 
position of the sun to the surfaces of 
the building and the time lag of this 
heat reaching the interior of the build- 
ing. 


24-14. HEAT LAG 


When a substance is heated on one 
side, it takes time for the heat to 
travel through the substance. This time 
is called time lag. When the sun heats 
an outside wall of a building, several 
hours elapse before this heat reaches 
the inner surfaces of that wall. In 
normal buildings this time varies be- 
tween 3 and 4 hours. If the wall is 
insulated well enough, or if the wall is 
thick enough, the sun will be gone by 
the time the heat penetrates or'‘soaks"’ 
through. In the Southwest, adobe walls 
are so thick that the sun heat moves 
into the wall during the sunshine time 
and then reverses itself andtravels out 
again during the evening, because the 
outdoor temperatures fall below the 
indoor temperatures during the night. 
Figure 24-10. 

Therefore, except for windows, one 
must remember that the heat from the 
sun on an east wall actually reaches 
the rooms as follows: 
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Sun 8 to 9 goes intothe rooms 11-12 
9 to 10 goes intothe rooms 12-1 
10 to 11 goes intothe rooms 1-2 
Likewise, the west wall that re- 
ceives sun rays from 4 to 7 P.M. acts 
as follows: 
Sun 4-5 goes into the rooms 7-8 
Sun 5-6 goes into the rooms 8-9 
Sun 6-7 goes into the rooms 9-10 
It is also because of this heat lag 
that the rooms are being heated even 
after the sun goes below the horizon, 
and when the outdoor temperature 
drops. Many people complain of the 
uncomfortable heat in their bedrooms, 
etc., up to as late as 12 midnight and 
even 1 and 2 A.M. 


24-15. ATTIC FAN 


One inexpensive solution to this de- 
layed heating is the attic fan. The attic 
fan exhausts the air of the building 
allowing the cooled evening outside air 
to free itself into the house. This cool- 
ing effect partly overcomes the effect 
of the heated walls and ceiling. How- 
ever, this exhaust fansystem does have 
the disadvantage of bringing consider- 
able outdoor dust into the building. 


OUTER WALL 
INNER WALL 


e 3 2 
pm 


EAST WALL 


20 12 3 5 
AM 


PM 


WEST WALL 


SOUTH WALL 


24-10. The lag in noticeable interior wall temperature 
following exposure to the sun. 


24-16. HEAT SOURCES IN 
BUILDINGS 
During the heating season, the heat- 
ing plant is aided by many other 
sources of heat. Practically all the 


energy expended in the building finally 
becomes heat. These heat sources are 


| 


4 


usually ignored when figuring the heat | 


load in the winter, because they are 


small compared to the total heat load . 
in temperate zones andareanaddition- | 


al safety factor. 

However, when one is figuring the 
summer heat load or the cooling heat 
load, all sources of heat energy must 


be carefully considered. Such items ' 


as the heat released by human beings, 
stoves, lights, 


electric motors, etc., — 


must all be considered in the final heat — 
load. Figure 24-11. Notice that the two ` 


sources of heat are itemized, the sen- 
sible heat gain and the latent heat gain. 
Because the efficiency of an electric 
motor is less when the motor is small, 
the 3 HP motor releases 2100 Btu/hr 
when a $HP ideal motor would release 
only 1273. 


24-17. INSULATION 


A large number of different in- 
sulations has been developed for build- 


i] 


-r 


ings. It is essential that the insulation |. 


reduce heat loss by conduction, con- 
vection, and radiation. It is also im- 
portant that vapor barriers be included 
in the insulation or in the walls to 
reduce moisture travel through the 
wall. 

The insulation must have sufficient 
strength so that it can support itself 
and will not shrink or settle. It must not 
deteriorate inthe presence of moisture, 
and it must not have any unpleasant 
odor. It should be vermin proof, 

The type of insulation depends onthe 
method of application. For example, 
bulk easy flowing insulation can be 
placed between the studs of a building 
already constructed. Rigid insulation 
can be used as a part of the building 
wall, such as the plaster base orasa 
substitute for the ship lap sheeting. 

Flexible insulations are easily in- 
stalled and conform to any irregular- 


604 


HEAT LOADS 


` 
l Heat-B.T.U./hr. 
| Device __ Sensible Latent 
Electric pi onts/kwhir y 15 
Motors, electric/H.P. in room -1/2 4200 
- 3 3700 
ee ee 20 _ 2950 
Motors, electric/H.P. out of room 1/2 1700 
27 MAO 
20 00 
Stoves, electric/kwhr 15 
Gas 
Natural gas/cu.ft. 1100 300 
Artificial gas/cu.ft. 550 675 
General 
| Heat from meals/meal 36 
Steam tables/saq.ft. 00 800 
Human 
pees Sitting 370 re 
Working 700-1500 
Dancing 2000 
24-11. The heat released by various energy sources 
within a building in Btu per hour. 
ities in the construction, Batts of rock No.___ Facing Size Xx 
wool and blankets of pulverized wood No. Facing Size __ X 


are examples of this practice. It is 
exceedingly important that all insula- 
tions that are hydroscopic (moisture 
absorbent) be hermetically sealed. 
Even those insulations not affected by 
moisture should be vapor sealed, as the 
insulation will lose much ofits insulat- 
ling value as it fills up with moisture. 


24-18. UNIT AIR CONDITIONER 
i HEAT LOAD CALCULATIONS 


A relatively easy method to use 
when one wants to calculate the sum- 
mer heat load per hour on a room is 
tabulated as follows: 


Space used for 
Interior room dimensions: 


Length Width Height 
Windows: 

No. Facing Size X 
f\ 


Window Load 

1, Sun exposed (interior shades) 
west side 8q. ft. x 60 - 

2, Sun exposed (interior shades) 
south side Sq. ft. x 40— 

3, Sun exposed (awnings) 


SQ alte g J0 S 
4, East exposure, north exposure, 
or shaded Sq eit. * Loe ma 
Wall Load 
l. Sun exposed--south and west 
walls 
sq. M. x82 
2. East or North exposure 
sq. ft. x 52 
3. All exposures, thin walls 
sq- “it. x 10S 
4, Interior walls 
sq. ft. x 4 = 


5, Interior glass partition 
sq. ft. x 10= 
Floor Load 
sq. ft. x 3= 
Ceiling Load 
1. Occupied above 
sq. ft. x 3= 
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2. Insulated roof 
sq. ft. x 8 = 
3, Uninsulated roof 
sq. ft. x 20= 
Ventilation Load 
cu. ft. x4 
Occupancy Load 
No. of people x 400 -= 
Miscellaneous Load 
Electrical watts x 3.4 
Other x 


Total Btu. per hour 


The average window type comfort 
cooling unit will adequately handle the 
heat loads as follows: 


Up to 6000 Btu/hr. = 1/2 H.P. 
6000 - 9000 = 3/4 H.P. 
9000 - 11,000 - 1H.P. 


The multipliers in the tabulation 
are obtained by multiplying a typical 
A factor by the temperature difference. 
For example, the windows (no sun) have 
a U factor of 1.25 and if the tempera- 
ture difference is about 12F., therefore 
the multiplier becomes 15. 


24-19. REVIEW QUESTIONS 


1. What are the two main sections of 
the heating load? 
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10. 


11. 


12. 


llo 
14, 


15. 


. What are the main sources of 


heat that cause cooling load? 


. What are the variables for cal- 


culating heat leakage? 


. How are window sizes dimen- 


sions chosen? 


. Is the heating design outdoor 


temperature the coldest tem- 
perature recorded? 


_ How are storage closets handled 


when figuring the heating load? 


. How are unheated spaces 


accounted for when figuring heat- 
ing loads? 


. Describe infiltration and exfil- 


tration. 


. What is meant by having a pos- 


itive air pressure in the build- 
ing? 

What building walls are affected 
by the sun (42nd parallel)? 

How is the sun effect usually 
included in cooling load calcula- 
tions? 

Does sun load on the walls and 
windows affect the heat load al 
the same time? 

What is heat lag in a building? | 
Describe the insulation ability 
of one sheet of aluminum on thil 
basis of conduction, convection’ 
and radiation. . 
What is an air film? 
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-Chapter 25 


AIR CONDITIONING 


SYSTEMS AND CONTROLS 


Air conditioning systems are de- 
pendent on heat sources, cooling de- 
vices, filtering devices and the control 
of humidity. The training in each of 
these devices and the operation of their 
individual controls constitute the in- 
formation contained in this chapter. 


25-1. TYPES OF SYSTEMS 

A complete automatic aircondition- 
ing system that satisfactorily performs 
all the functions of air conditioning is 
difficult to achieve. Most of the sys- 
tems available today are compromises 
in one form or another. The two most 
difficult results to obtainare airclean- 
ing and proper humidity. 

Most air conditioning systems are 
partial systems. Thatis also the unit for 
heating, humidifying, cleaning, and dis- 
tributing; or, the unit is for cooling, 
dehumidifying, cleaning, and distribut- 
ing. Most of the systems are only 
semi-automatic, or only some of the 
operations are completely automatic. 


25-2. AIR-CONDITIONING 
EQUIPMENT 


Air-conditioning equipment may be 
divided into six headings: 

1. Heating facilities 

2. Humidifying equipment 

3. Filtering and cleaning equipment 


4, Circulating equipment 

5. Dehumidifying equipment 

6. Cooling equipment 

Normally, not all of these devices 

are in use at the same time. During 
the summer we do not use heating or 
humidifying equipment, but rather use 
the cooling and the dehumidifying equip- 
ment. In the winter we use the heating 
and the humidifying equipment. The 
other parts such as filtering, cleaning 
equipment, and circulating equipment 
are used the year round. Complete air- 
conditioning equipment may be con- 
structed in three different forms: 

1, The entire air conditioning plant 
may be located in the basement 
and conditioned air circulated 
throughout the building. 

2. The heating and cooling equip- 
ment (refrigeration) may be 
located in the basement, but pipe 
lines constructed throughout the 
building carry the heating and 
cooling mediums to the various 
rooms. Small ducts in this case 
usually provide ample ventilation 
and air circulation. 

3. Unit installations have a com- 
plete plant located in each room. 
Such plants usually contain hum- 
idifying and dehumidifying equip- 
ment, as wellas heating, cooling, 
and air circulating equipment, 
although the heat source may be 
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outside the room if the installa- 
tion uses steam or hot water for 
its heating medium. 


AIR-CONDITIONING 
STRUCTURES 


25-3. 


It has been predicted that air-con- 
ditioning will be a tremendous factor 
in our economic growth. However, the 
air-conditioning of many homes and 
other structures presents some in- 
sulation problems which must be solved 
in order that the operating cost of the 
air-conditioning equipment will not be 
too high. Since air-conditioning implies 
controlled temperature and humidity, 
such factors as heat leakage by con- 
duction or convection are important 
factors. 

Air-conditioned structures should 
be very well insulated in order to 
eliminate conduction through the walls. 
All dead air spaces in walls, particular- 
ly outside walls, should be thoroughly 
sealed in ordertoeliminate convection. 
Roofs and ceilings particularly should 
be heavily insulated. For summer air- 
conditioning in addition to the above, it 
is often desirable to put on awnings to 
keep the sun from shining through the 
windows, and increasing the heat load 
on the cooling plant. If possible, roofs 
should be painted a light color inorder 
that as little radiant heat may be 
absorbed as possible, Double windows 
should be installed if a very great 
temperature difference is to be main- 
tained. All doors and windows should 
be kept closed in order that very little 
of the conditioned air will be allowed to 
escape; however, an adequate and con- 
trolled air change is necessary tokeep 
the air-conditioned space healthful. 


25-4. HEATING EQUIPMENT FOR 
AIR-CONDITIONING 


Heating equipment must be entirely 
automatic in its operation. The source 


of the heat may be coal, oil, gas, or 
the heat pump and the choice will be 
governed largely by the location and 
equipment available. In plants in which 
a central plant is built into the base- 
ment and the air circulated throughout 
the structure, it will be necessary to 
carefully filter and clean the air as it 
is circulated. With steam heating 
plants, radiator or heating coils are 
usually incorporated in the room air- 
conditioning units; and the necessary | 
humidifying and filtering are done in 
each room unit. 


25-5. COAL FURNACES 


One of the oldest fuels used for 
heating is coal. There are two kinds of. 
coal, bituminous (soft) and anthracite 
(hard), The soft coals are more com- 
monly used. When completely burned, | 
this coal will release between 11,500 to. 
14,500 Btu/lb. The heat is formed by! 
the oxidation of carbon and hydrogen. 
Most coal has an ash content. The ash 
varies from 3} to 13%. 

Hand fired coal furnaces are not! 
very efficient. They vary between 25to 
50% efficiency. Stoker fired furnaces 
vary between 50 and 80% efficiency. 

A stoker which feeds its coal from. 
the coal bin automatically is shown in 
Fig. 25-1. It is electrically controlled 
by a thermostat, a limit control, anda 
controller which keeps the fire alivein 
mild weather. The worm F driven 
through a gear reduction in D removes 
coal from the coal bin, feeds it to the 
tuyeres B where combustion takes 
place. A is Special down draft jet or 
duct which increases combustion effic- 
iency and helps maintain a better mild 
weather low fire. C is a pressure 
operated draft control. It controls the 
volume air as needed andcloses during 
off cycles to aid banking the fire. 

The housing D contains the electric i 
motor, the gear reduction unit to obtain ~ 
correct worm speeds and the belts and 
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an for the forced draft. The access 
plate at E enables one toeasily remove 
any obstruction that may lodge in the 
feed worm. Shear pins“are installed in 
the gear reduction drive to disconnect 


25-1. A stoker. This unit has an automatic feed from 
the bin. A. Air jet; B. Tuyeres; C. Draft control; D. 
Housing containing motor, gear box, and fan; E. Access 
plate; F. Coal bin worm. 
{Iron Fireman Mfg. Co.) 


the motor from the worm if the turning 
{load becomes excessive. Fig. 25-2 
[shows a stoker installed in a furnace 
ic a coal bin. 


| 25-6. OIL FURNACES 
| 


A very popular method of heating 
residences and small commercial 
\buildings is the oil fired furnace. The 
two most common oil burners are the 
gun type, and the rotary type. 

The gun type burner forces oil 
under pressure through definite size 
,orifices. The oil is broken into finely 
divided particles (atomized) and it is 
(then mixed with air that is forced into 
the combustion chamber by a blower 
in the same unit. 
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A typical installation diagram of a 
gun-type oil burner is shown in Fig. 
25-3. This installation has the oil 
Storage tank located in the basement. 

The oil is fed under a definite 
pressure, 80 to 100 psig, to a nozzle. 
Air is forced into the furnace through a 
tube that surrounds this nozzle. The air 


INSTALL oy ACCORDANCE wit 
UNOtEwHTRAS and LOCAL 
PICARATIONS 


25-3. A typical oil storage tank installation in a base- 
ment. 
(Webster Electric Co) 


25-4. A medium pressure gun type oil burner. A. Motor; 
B. Ignition transformer; C. Air and oil nozzles. 


(Gilbert & Barker Mfg. Co.) 


| 25-2. A cross sectional view of a stoker installed in a furnace and a coal bin. 
| [Iron Fireman Mfg. Co.) 
i 
{ 
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25-5. A sectional view of a gun oil burner. A. Two stage 
oil pump; B. Air blower; C. Adjustable stand. 
(Fedders-Quigan Corp.) 


is usually twisted in one direction and 
the oil is given a twist in the opposite 
direction. The nozzle should be care- 
fully centered in the housing. The 
ignition transformer furnishes a high 
tension spark between two electrodes 
located near the front of the nozzle. 
See Fig. 25-4 and Fig. 25-5. The 
burner shown has atwo-stage oil pump. 
Note that the same electric motor 
drives the pump and the air blower. 


25-6. A single stage rotary fuel pump for gun type oil 


burners. A. Shaft; B. Seal. Note the large screen 
mounted around the pump. The pressure regulator is 
located underneath. 
(Sundstrand Machine Tool Co.) 


The oil pump has a pressure regulator 
built into it. This regulator not only 
controls the oil pressure but it shuts off 
the oil flow to the nozzle the instant the 
unit shuts off and prevents oil dripping 
at the nozzle. 

Several types of oil pumps are used 
in the gun oil burners including the 
gear type, and the rotary type. These 
pumps come in either single stage or 
two stage models. The single stage 
pump is used in the single pipe sys- 
tem, Fig. 25-6. 

This system carries the fuel oil 
from the tank, through the screen, and 


into the pressure regulator and relief | 


valve. The pump is rotating contra- 
clockwise and the oil flow is from left 
to right. The oil leaves the upper 
center of the pressure regulator and 
passes to the gun nozzle, Fig. 25-7, 

Many systems use the two-stage 
fuel oil pump. It is a necessary pump 
when the two-pipe system is used and 
part of the oil is returned to the fuel 
tank. This unit is necessary where the 
pump has to lift the oil above the bot- 
tom of the fuel tank, Fig. 25-8. Its 
principle of operation is shown in Fig. 
25-9. The intake from the tank is atthe 
top. The oil passes through the first 
stage into the regulator and back tothe 
tank. It can handle both fuel oil andair. 
The second stage removes only oil 
from the strainer chamber and pumps 
it into the regulator. When sufficient 
pressure is created the regulator will 
open and feed to the oil nozzle. Excess 
oil is returned tothe strainer chamber. 

Details of the relief valve can be 
seen in Fig. 25-10. The oil pressure 
creates a force against the piston. 
When this force equals the compression 
spring force, the piston will move to 
the right and permit oil to flow to the 
nozzle. 

The gear type oil pump is also 
available in both the single stage and 
two stage models. Fig. 25-11 shows the 
external appearance of a single stage 
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25-7. A schematic diagram of the fuel oil flow through 
a single stage oil pump. 


(Sundstrand Machine Tool Co.) 


25-8. A two-stage fuel oil pump for two pipe oil burners. 
(Sundstrand Machine Tool Co.) 


| 25-10. A cute) of the relief valve for a fuel oil pump. 
A. Oil outlet to the nozzle; B. Pressure regulating screw. 


l SUNDSTRANO (Sundstrand Machine Tool Co.) 
ROTA-ROLL PUMP 


INTAKE FROM TANK 


Ja ; gear pump. The operation of this single 
i I} stage pump is shown in Fig. 25-12. The 
f | fuel oil passes through the strainer (D) 
yL ranen out through the silencer orifice (O) into 
L the vacuum chamber (A). It passesinto 
is the gear pump, then enters the pres- 
sure regulator. When sufficient pres- 
sure is produced the piston valve is 
raised and oil flows to the nozzle. 
s Cushions are used to insure more even 

oil flow (B). If the pressure tends to 
rise, the piston valve guide will move 
up more and the excess oil will return 


25-9. A schematic diagram of the operation of a two- 
stage fuel oil pump using a two pipe system. 
(Sundstrand Machine Tool Co.) 


61} 


MODERN REFRIGERATION, AIR CONDITIONING 


to the bottom of the strainer chamber 
to be recirculated. 

The gun type oil burner is avery 
efficient heating unit. However, it must 
be maintained carefully to give peak 
performance. An experienced service 
man should check, clean and adjust the 
system each year. Some of the im- 
portant items to check are shown in 
Fig. 25-13. 


25-11. A single stage gear pump for gun type oil 
burners. A. Shaft; B. Alternate inlet; C. Inlet; D. By-pass; 
return pipe is connected here for two pipe system; E. 
Nozzle pipe connection; F. Pressure adjusting screw. 
The pressure gauge fitting is just above the nozzle fitting 
on the far side. 
(Webster Electric Co.) 
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25-12. A schematic diagram of the oil flow in a single stage gear type fuel oil pump. A. Vacuum chamber; B. 
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Gun type oil burners are also avail- 
able in low pressure models. In these 


units the oil is mixed with air beforeit | 


reaches the nozzle or the oil is aided 
in its atomizing by a slinger arrange- 
ment. The viscosity of the oil used is 
important. Viscosity means the ease of 
flow. Important things to consider are 
the impurities in the oil and the quan- 
tity of heavy carbons in the oil. Such 
impurities as sulphur form corrosive 
chemicals in the stack. 

Oil has a heating value of approxi- 
mately 140,000 Btu/ gal. 

It is important to remember that 
oil will not burn while it is in the 
liquid form. It must be vaporized and 
turned into a gas. To vaporize oil heat 
must be added to the oil (latent heat of 
vaporization). The oil will turn into a 
gas quicker and easier if it is finely 
divided (sprayed). This spraying pro- 
cess is called atomizing. The gun type 
oil burners accomplish the atomizing 
by forcing oilintoatwisting, spiralling, 
and turbulent air stream. A small 


amount of heat (electric spark) willturn ` 


a few of the finely divided particles 
into gas and the burning will start. 
In the rotary burner the oil is 


FOR 2 PIPE SYSTEM 
ROTATE COVER 180° 
` 
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i 
INLET 


Oil pressure cushions; C. By-pass chamber; D. Strainer; O. Silencer orifice. 
(Webster Electric Co.) 
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25-13. Six main items to check at the start of each heating season. 1. Check the shut-off valve 
and line filter. Replace or clean cartridge in line filter if dirty. Be sure to open shut-off valve. 
2. Check the nozzle assembly. Clean the nozzle according to manufacturer's recommendation. 
3. Check the strainer. Clean the strainer using clean fuel oil or kerosene. 4. Check the connec- 
tions. Tighten all the connections and fittings in the intake line and unused intake port plugs. 5. 
Check the efficiency. Insert the pressure gauge in the gauge port. Reasonable flame at 150 
psig. Reset the valve to the original setting to prevent over firing. 6. Check the cut-off. Insert 
the pressure gauge in the nozzle port. Upon shut down Wee should drop approximately 
15 psig. If the pressures drop to 0 psig. the cut-o! seat may be damaged. 
(Sundstrand Machine Tool Co.) 
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thrown, by centrifugal force from a 
motor driven rotary disc or slinger, 
against red hot stainless steel plates 
which vaporizes the oil completely. The 
combusion takes place at the point of 
vaporization and a very clean flame 
results, Fig. 25-14. 

Space type oil burners use a ‘‘pot’’ 
type burner. The level of oil in the 
burner pot is controlled by a float and 
needle valve similar to the float and 
needle in an automobile carburetor. 
Vaporization takes place from the heat- 
ed surface of the oil in the pot. 

The main parts of a presSure or gun 
type burner are: the motor, the oil 
pump, the fans, the nozzle, the air tube, 
and the ignition system. 

The motor is usually a split-phase 
1/6 H.P. motor that provides power for 
both the fan and the fuel pump. It must 
be oiled at least once each six months. 
The motor is electrically connected to 
the master oil burner control and uses 
110-V-60 cycle electricity. 

The fan is usually the radial flow 
type and it has adjustable air inlet 
openings. These openings are adjusted 
until the flame burns a yellow color. 


25-14. A rotary type oil burner. 


The oil pump is connected to the 
motor by means of a flexible coupling. 
An oil seal is mounted on the shaft 


where the shaft enters the oil pump 
body. An oil inlet fitting is mounted 
in the pump housing and a strainer is 
mounted in the inlet. This strainer 
usually is made of Monel metal and is 
100 mesh. It can be cleaned with a 
small quantity of thinner. The pump 
then imposes a pressure on the oil and 
moves it through a pressure regulator 
to the nozzle tube. The pressure re- 
gulator is adjustable and it is usually 
adjusted to 100 psig pressure, These 
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25-15. A gas fired furnace burner. 


valves open quickly and close quickly 
to prevent oil drip at the nozzle. Any 
excess pressure is by-passed back to 
the inlet of the oil pump or in the two 
pipe system the excess is returned to 
the storage tank. 

Oil pumps are either one stage or 
two stage. That is, the single stage 


uses one pump while the two stage has © 


two pumps in series. Both gear pumps 
and rotary pumps are used. The single 
stage pump is used whenthe oil storage 
tank is above the oil pump. The two 
stage pumps (double line) are used when 
the fuel storage cylinder is below the 
oil pump. 

An oil tube carries the oil to the 
burner nozzle. The electrodes and 
high tension wires are also carried 
on the oil tube. This tube must be 
carefully mounted in the air tube to 
insure that the nozzle is in the exact 
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center of the air tube. 
k Oil burners need approximately 40% 
excess air. 
va 4 
25-7. GAS BURNERS _ 
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Gas is being used at an ever in- 
creasing rate as a heating fuel. The 
gas is piped into the building. It is 
usually fed to the furnace at a4to 6 in. 
water column pressure. A pressure 
regulator reduces the pressure to ap- 
proximately 2 in. water and a solenoid 
valve turns the main gas flow to the 
furnace burners on and off. This sole- 
noid valve is operated from the house 
electrical current either from the line 
direct orthrougha transformer operat- 
ing at a reduced voltage. Some solenoid 
valves are operated by the current 
generated by a thermocouple located 
near the pilot light; these do not re- 
quire any connection to the house 
current. 

The burner may be made of steel 
pipe or a casting. It may be either of 
the multiple jet or orifice type or it 
may be the one opening type with a 
deflector plate, Fig. 25-15. 

The natural gas most commonly 
used has a heating value varying be- 
tween 950 Btu/cu. ft. to 1200 Btu/cu. ft. 
This gas contains approximately 80 to 
95 percent methane, up to 5 percent 
carbon dioxide and up to 14 percent 
nitrogen. Manufactured gas has a heat- 
ing value of about 525 Btu/cu. ft. 

The burners are of simple design. 
The gas is fed through an orifice and 
is mixed with a certain amount of air 
(primary air). The mixture passes to 
the burner orifices where combustion 
takes place and where the gas mixes 
with the secondary air. As much as 35 
percent excess air is fed to the burner 
to insure thorough combustion. 

Because both oil and gas contain 


Small amounts of sulphur and because 


one of the products of combustion is 
water (steam) one must keep the stack 


or chimney warm enough to prevent 
condensation. If condensation takes 
place sulphurous acid is formed caus- 
ing corrosion, 

Practically all cities have code re- 
quirements for the installation of heat- 
ing equipment, It is very important that 
this code be known and followed, other- 
wise unsafe conditions may exist. 


25-8. ELECTRICAL HEATERS 


Electricity can be used for heating. 
The electricity can be used to heat the 
air by means of resistances. Heating 
directly with electricity is expensive - 
one kilowatt hour releases 3.413 Btu/ 
hr. It would cost approximately 60 
cents per hour compared to 8 cents per 
hour for oil. (100% efficiency). 

However, electricity can be used to 
drive a heat pump and the method 
produces three to four times the heat 
that the direct method produces. The 
heat pump will then operate at about 
15 cents per hour in the above sample. 

The heat pump is described in 
Chapter 26. 

Electrically heated glass panels or 
wall panels may be used to serve as 
sources of auxiliary heat. 

Some systems have been built that 
furnish 40 to 50% of the heat with 
radiant heat and the remainder by 
means of conditioned circulated air. 
These split systems prevent cold floors 
and/or cold walls while also providing 
sufficient conditioned air for comfort 
and health. 


25-9. COOLING EQUIPMENT FOR 
AIR-CONDITIONING 
PURPOSES 


The cooling equipment usually con- 
sists of refrigeration coils; these coils 
are maintained at temperatures of 40 to 
50 F. and the air to be conditioned is 
blown past them. Such coils constitute 
a considerable refrigeration load, Re- 
frigerated coils serveas dehumidifiers 


615 


MODERN REFRIGERATION, AIR CONDITIONING 


of the air circulating past them (if the 
humidity is high), since some of the air 
will be cooled below the dew point and 
the excess moisture will be condensed 
out on the coils. This leaves the con- 
ditioned air both cooler and with less 
moisture. However, the cooled airisat 
100% relative humidity and the cooled 
air must be mixed with other air to 
reduce the total relative humidity and 
eliminate the damp feeling. Naturally, 
adequate drains must be provided to 
carry away the moisture condensed on 
the cooling coils. Some air-conditioning 
plants use ice for the cooling medium, 
particularly if cooling is only needed 
for a comparatively few days of the 


25-16. A dehumidifier installed in a basement. 
duces the relative humidtiy at small cost. 
(International Harvester Co.) 


lt re- 


year. Cold water from streams or 
wells may also be used for the cooling 
coils. The water should be 50 F. or 
colder, however, to produce any de- 
humidification. Most air-conditioning 
installations use automatic mechanical 
or absorption refrigeration as the cool- 
ing means. 


25-10. AIR CLEANING AND 
FILTERING EQUIPMENT 


This equipment usually consists of 
dry or moist filters of fibrous material 
through which the air is forced; the 
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fibrous material removes most of the 
particles of dust and other harmful 
ingredients. Water sprays are often 
used to clean the air. These sprays 
may also serve to either humidify the 
air or dehumidify the air to some 
extent. In the winter water sprays, if 
they are kept fairly warm, will add 
considerable moisture to the dry air; 
in the summer if the spray water is 
kept cold it will tend to take moisture 
out of the air. Therefore, it serves to 
humidify, dehumidify, and clean, 

Most air cleaning and filtering 
equipment must be cleaned periodically 
if it is to be efficient. See Chapter 23: 


HUMIDIFYING AND 
DEHUMIDIFYING 
EQUIPMENT 


25-11. 


Humidifying equipment usually con- 
sists of a heated water surface over 
which conditioned air is forced to pass 
and moisture is picked up from the 
surface, depending upon the degree of 
humidifying required. 

Dehumidifying equipment may con- 
sist of cold coil surfaces over which 
air is blown and the moisture is con- 
densed out by coming incontact with the i 
cold coils. 

In some installations, certain chem- 
icals are used which have the property 
of absorbing moisture from the air. In 
case chemicals are used, the chemicals 
are usually cycled in such a way that 
first the moisture from the air is 
absorbed into the chemical. Then the 
chemicals are heated, andthe moisture 
is driven out-of-doors to put the chem- 
icals in a condition to absorb moisture 
again, l 

A mechanism which performs a 
dehumidifying function is known as the 
dehumidifier, Fig. 25-16, This unit is 
usually a small hermetic refrigerating’ 
system that encloses in a cabinet both 
the condenser and cooling coil. The air 
is drawn over the cooling coilandafter 
it is cooled below its dew point tem- 
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erature, the cooled air is moved over 
the condenser to reheat it to a reason- 
able relative humidity. The device is 
used to reduce the moiéture content in 
air. It is useful in basements and other 
damp places, Fig. 25-17. A container 


25-17. A phantom view of a dehumidifier. The first 
pass of the finned coil near the fan is the cooling and 
dehumidifying coil while the next pass is the condenser. 
) Either a pail or a direct drain can be used to remove 
the condensate. 

| (International Harvester Co.) 


| 


is used to collect the condensate. The 
condensate can also be drained directly 
\to the building drains. 

It should be remembered that most 
| air-conditioning installations are 
}engineering problems and that adequate 
cn; othe and specifications mustbe 
}given; otherwise the system will not 
function satisfactorily. 

The following represent some typi- 
cal air-conditioning installations: 


25-12. THE CENTRAL AIR- 
CONDITIONING PLANT 


Fig. 25-18 illustrates a conventional 
duct air-conditioning system in which 
the entire plant is located in the base- 
|ment and the conditioned alr 1S ¢cir- 
lculated through ducts to the various 
| rooms. Large plants of this type usually 
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generate steam in a heating plant which 
circulates through coils inthe air-con- 
ditioner fcr heating purposes. Small 
plants such as those used in small and 
medium size homes may be of the direct 
heating type in which heating of the air 


25-18. A typical central or duct air conditioning plant. 
A. Filter; B. Heating coil; C. Cooling coil; D. Eliminator 
plates and moisture drain; E. Centrifugal fan and motor; 
F. Heatcontro! and shut-off; G. Refrigerant control and 
shut-off; H. Water spray control and shut-off; |. Fresh 
air control; J. Return air control and damper; K. and L. 
Conditioned air dampers and controls; M. Conditioned 
air inlet; N. Return air register; O. Room control: P. 
Refrigerating unit; ©. Double window; R. Insulated wall; 
S. By-pass and control. 


is accomplished directly from the fur- 
nace, In this case, accurate control of 
the furnace fire is necessary. The 
refrigeration plant for summer cooling 
usually uses a water-cooled condensing 
unit. These coils also dehumidify the 
air, and provision is made to drain 
away the moisture condensed from the 
air. 

In Fig. 25-18 the ideal system is 
simply illustrated. Note that there isa 
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25-19. A typical direct heating duct installation for a small home. 


fresh air intake to the conditioning 
apparatus. The filters (A) should havea 
large cross section to reduce airspeed 
through them to a minimum. These 
filters may be the fibrous type, or they 
may be of the electrostatic type. To 


25-20. A 1|4-cylinder Central Station Unit installation. 
[Airtemp Div., Chrysler Corp.) 


provide an exact control of the air being 
delivered to the rooms a by-pass is 
installed at (5) and the butterfly valve 
enables one to proportion the condition- 
ed air to the by-passed airtoobtainthe 
correct temperature and humidity of the 
air being delivered to the rooms. 

Fig. 25-19 illustrates aduct system 
used in a small home in which direct 


air heating is employed, A hand-fired 
coal furnace is used for heating and a 
refrigerating unit has been installed in 
the duct system to provide summer 
cooling. The filter and fan have been 
installed in the hot air duct. Most in- 
stallations install the fan and filter unit 
on the inlet to the system. The conden- 
Sing unit is a conventional unit witha 
water-cooled condenser. 

Central station comfort cooling 
stations are availableina great number 
of styles. Fig. 25-20 shows a condensing 
unit for a large installation, It uses 
one motor to drive two separate com- 
pressors, Each compressor has seven 
cylinders, A shell and tube water-cool- 
ed condenser is mounted on top. This 
is a 75 H.P. unit that runs at either 
1150 or 1750 r.p.m. This unit has a 
variable capacity system operated by 
unloading cylinders when the load de- 
creases, Hydraulic controls unload the 
compressor to minimize the starting 
load. 

Another air conditioning system 
circulates chilled water to the various 
cooling coils in the multiple installa- 
tion. This chilled water system is also 
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25-21. A water chiller refrigerating mechanism. A. Oil se i 
. À. parator; B. Receiver; C. Wat i i 
(Airtemp Div., Chrysler Corp.) EEREN 
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used for many industrial processing 
installations. The unit is shown in 
Fig. 25-21. A direct drive five cylinder 
radial compressor is used. The com- 
pressor discharge gas goes through the 
oil separator (A) into the shell and tube 
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25-22. A remote air-conditioned plant. 


condenser (B) to the water cooler (C) 
after passing through the heat 
exchanger. The large pipe on the leftis 
the suction line. The three gauges shown 
are the suction pressure, the oil pres- 
sure and the high pressure gauges. The 
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two electrical control boxes containthe 
basic control on the left and the con- 
trollers on the right. 


25-13. REMOTE COMFORT 
COOLING PLANT 


The remote air-conditioning plant 
provides a refrigerating plant in the 
basement. The heating and refrigera- 
tion lines are then runtoair-condition- 
ing units in each room to be air- 
conditioned. Fig. 25-22 illustrates a 
remote air-conditioning plant. Such an 
installation operates with a pressure 
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25-23. A sectional view of an air cooled console model 
comfort cooler. 
[Remington Air Conditioning, Div. of Remington Corp.) 


motor control on the condensing unit. 
Individual thermostats are connected 
in each room to each air-conditioning 
room unit. A solenoid valve controls 
the refrigerant flow to the unit. 

This valve is connected to the room 
temperature control, which controls 
both a fan and the solenoid refrigerant 
valve in the room unit in such a 
manner that liquid refrigerant to the 
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room unit is turned on when the fan 
starts in the unit and is shut off when 
the fan stops. Some units use a thermo- 
stat to control the refrigerant solenoid 
valve only, while the fan runs con- 
tinuously. Note that the thermostat 
circuit is 20 volts and the fan motor 
and compressor motor are 110-volt 
circuits. A thermostatic expansion 
valve refrigerant control is usually 
used. In large installations, multiple 
coils and several expansion valves are 
used, 

Since the cooling coils are located 
in the room whichis being air-condi- 
tioned, provision must be made to dis- 
pose of the moisture condensed out of 
the air in the summer. This is usually 
accomplished by connecting the unit to 
an open water drain by means of 3-inch 
copper pipe. 

Air filters must be provided inthese 
units, 


25-14. UNIT COMFORT COOLERS 


Unit air-conditioners are of two 
types: (1) one type provides only com- 
fort cooling for summer; (2) the other 
type provides both summer cooling 
and winter heating. Both types have @ 
complete refrigeration plant included, 
i.e., condensing unit, refrigeran 
valves, and cooling coils. Individua 
room thermostats control the units. 
Filtering equipment is also a part o: 
the system. 

The console models may have either 
water-cooled or air-cooled condensing 
units, Air-cooled models are gainingin 
popularity due to water restrictions. 
Fig. 25-23 shows anair-cooled console 
unit. Note how the condensate from the 
cooling coil is entrained in the con- 
denser air. Two separate motors drive 
the radial flow fans. Fresh air or 
ventilating airis by-passed from the air 
just as it leaves the condenser fan. 

Some of the console models have 4 
complete refrigerating system, a fil- 
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tering system and a cooling coil. See 
Fig. 25-24, 
| This unit is a large self-contained 
| comfort cooler with provisions toadda 
| heating coil if the user desires. This 
| unit is of eleven (11) tons capacity. The 
| inner construction is shown in Fig. 
| 25-25. The thermostatic expansion 


25-25. An air conditioning unit with front panels re- 
moved. Condensing unit, five cylinder hermetic com- 
ressor, water cooled condenser and fan motor are 
bera in base. Cooling coils are mounted in back of 
25-24. A self-contained console type comfort cooling filters and double radial flow fans are located at top. 
air conditioner. The air intake is in the middle and the A steam coil can be mounted just below blowers if 
conditioned air is discharged out the top grilles. heating is desired. 
(Airtemp Div., Chrysler Corp.) (Airtemp Div., Chrysler Corp.) 


valves are of the distributor tube type. 
| Note the equalizer tube connections to 29 

the suction line just to the right of the aL 
flexible pipe. The condenser consists 
of two vertical shell and tube water — 


cooled units. AA === l- 
The details of the motor compressor . a 

‘are shown in Fig. 25-26. This unit is bi 

of two or three tons capacity. The four ws 

radial cylinders are located at the ~~ 


bottom of the unit and the motor is at 
the top. The suction line is fastened to 
the top center and the compressor 
discharge is located at the four bolt 
opening at the lower right. The glass 
Sight port at the bottomis used to check 
the oil level. The condenser is either 
water-cooled or air-cooled. If air- 
cooled, a duct is used to bring in 25.26. A pels ae beret alg and 3 
outside air and to discharge this air ton ees. gee Ate 
outdoors again. See Fig. 25-27. 
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The water-cooled units require 
plumbing connections to both fresh © 
water and a drain. The drain is also 
used to take care of the moisture 
condensed out of the air by the cooling 
coil in the summer. One company has 
developed a special three-flue rubber 
hose for this purpose which permits 
moving the unit quickly from room to 
room. Such a unit does not usually 
provide winter conditioning facilities. 

Another popular type is the window 
mounted, or wall mounted comfort 
cooler. This unit mounts on a window 
sill for ease of installation. Fig. 25-28, 
Such units are of the 1/3, 1/2, 3/4 and 
1 ton capacity. The condenseris located 
in that part of the cabinet that extends 
outside the building. Outside air is 
forced over the coil by a fan. Inside the 
room another fan draws air in through 
a fibrous filter and forces it over the 
cooling coil. The two radial flow fans 
are usually driven by the same motor, 


A window unit that uses two separate 


25-27. A console type air conditioner being assembled. compressors forvariable capacity pur- 


It is being checked oe ee an electronic leak poses is shown in Fig. 25-29. 


(General Electric Co.) Window units are available in 
several models. One model cools the 
air, filters the air, and has a fresh air 
intake. Another model has these same 
devices but in addition has anelectrical 
resistance heating unit to furnish heat 
for fringe temperature conditions. Still 
a third type uses a reverse cycle | 

| system to permit the use of the re- 
frigerating units as a comfort cooling 
unit and a heating unit. 


The units are installed in windows, 
Metal plates, rubber gaskets, and 
sealing compounds are used to seal the 
unit into the window. Fig. 25-30 shows 
a window sill. After the sill brackets 
are installed, and the unit housing in- | 
stalled, the rubber seal strips and the . 
filler boards are installed. Fig. 25-31. 
The mechanism can now be installed 


25-28. A window type comfort-cooling unit. inside the cabinet and the front fixtures 
(International Harvester Co.) ONA 
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25-29. A two rotary compressor window air conditioning unit. 


(Frigidaire Div., General Motors Corp.) 


/ 25-30. The bracing used to hold a window air condi- 25-31. A window air conditioner being installed with 


| (Remington Air Conditioning, Div. Remington Corp.) (Remington Air Conditioning Div Remingtor 


tioner on a sill. the rubber seal strips and the fillor boards Haaai 


) 


Window units can be obtained to fit wall openings. 
‘double hung windows, casement win- The condensate from the cooling 
dows, or can be installed in special coil is drained to the base of the motor- 
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compressor and the condenser where 
its evaporation helps to cool these 
parts. A capillary tube refrigerant 
control is usually used. 

A valve mechanism enables the 
cycle to be reversed and the same unit 
can be used to heat the room. See 
Chapter 26. 


25-15. ABSORPTION SYSTEMS 


Absorption systems are being suc- 
cessfully used for air conditioning 
comfort cooling installations. The sys- 
tems naturally lead to heating also. 
Fig. 25-32. 

The system uses water as the re- 
frigerant and lithium bromide as the 
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25-32. An absorption refrigeration cycle that uses water 
as a refrigerant and lithium bromide as the absorbent. 
(Servel Inc.) 


absorber. Steam heat applied to the 
generator percolates water vapor and 
weak solution up to the separator. The 
liquid lithium bromide (black) then 
flows by gravity through the heat ex- 
changer to the absorber where the lith- 
ium bromide absorbs the evaporated 
water and the strong solution settles 
to the bottom of the absorber, and then 
returns to the generator after passing 
through the heat exchanger (the black 
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MOTOR PUMP UNIT --~ 
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25-33. A cooling tower used to cool condenser and ab- 
sorber cooling water. The tower evaporates about 15 
per cent of the condenser water and in so doing cools 


the rest of the water down to the wet bulb temperature 

of the air. It consists of water sprays, asbestos sheets, 

overflow tubes, make up water float valve, water pump. 

Eliminator plates keep water from being drawn into the 

fan. Air enters at the bottom and leaves at the ton. 
(Servel Inc.} 


is warm and the gray is cool). The l 
pressure difference is maintained by 
the pressure head of the lithium brom- | 
ide liquid. l 

The hot steam in the separator 
rises up the condenser where itis con- 
densed and turned into water. The con- 
densed water (black) flows by gravity 
through an orifice, into the cooling 
coil or evaporator. The water evapor- 
ates at a low temperature due to the 
almost perfect vacuum and the steam 
(water vapor) formed is then absorbed 
by the lithium bromide. Note that the 
absorber and the condenser are both 
cooled by water coils. The condenser 
water is then taken to a cooling tower 
where it is cooled, Fig, 25-33. 


The actual machine is shown in 


Fig. 25-34. The condensing pressure is 
about 50 to 60 millimeters of Hg (about 
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right is the absorber. The cooling coil 
is the finned section in the upper right. 
The long vertical cylinder is the gener- 
ator and its large upper section is the 
separator. The two horizontal cylinders 
at the extreme top are condensers, 

A year round Servel air-conditioner 
(both heating and cooling) is shown in 
Fig. 25-35. The heating section is on 
the left and the cooling mechanismis on 
the right (1) steam line to heating coil, 
(2) steam condensate return pipe, (3) 
25-34. The cooling system mechanism used in Servel Steam line to generator, (4) steam 
comfort cooling absorption machine. Air to be cooled condensate return line from generator, 
and dehumidified is passed through finned cooling coil (5) separator, (6) pipe to condenser, 

in upper right of picture. a . ; 
(Serve! Inc.) (7) reducing orifice, (8) pipe feeding 


HEATING COIL 


COOLING COIL 


AIK CONDITIONING SYSTEMS, CONTROLS 
3 psia) and the evaporating pressure is 
8 to 10 millimeters of Hg (about .5 
- psia). The large cylinder in the middle 
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lithium bromide to absorber (9) return 
pipe from absorber, (10) condenser 
water intosystem, (11) condenser water 
pipe from absorber to condenser, and 
(12) condenser water to cooling tower. 

These systems are also used to 
produce chilled water. The chilled 
water in turn is used for a multitude 
of processes such as quenching baths, 
drinking water, cooling welding tips, 
etc. 


25-16. AIR-CONDITIONING 
CONTROLS 


The chief value of complete air- 
conditioning lies in its accurate auto- 
matic operation. This necessitates 
many controls. These controls include 
controls such as: 

1, Heating Controls 
(a) Coal heat 
(b) Oil heat 
(c) Gas heat 
(d) Steam controls 
(e) Water controls 
(f) Limit controls 
Cooling Controls 
Humidifying Controls 
Dehumidifying Controls 
Air Flow Controls 


beU N 


25-17. TEMPERATURE CONTROLS 


Temperature controls used on air- 
conditioning plants vary somewhat from 
the type used on refrigeration installa- 
tions. Several different types of con- 
trols are used. 

These thermostats usually operate 
on a 1 F. to 2 F. differential, which 
results in close temperature control. 

The sensitive element is usually 
a bi-metal strip. A small magnet is used 
to produce snap action of the points. 
A range adjustment is usually a direct 
load on the bi-metal while the different- 
ial usually consists of moving the 
small magnet either closer or farther 
away from the bi-metal strip. 


Some thermostats are hydraulically 
operated. Fig. 25-36 shows a diaphragm 
mechanism with the diaphragm move- 
ment caused by expansion and con- 
traction of a liquid. Note the adjustment 
and the small magnet used to obtain 
snap action. The actual thermostat is 
shown in Fig. 25-37. 

Thermostats are rated by the volt- 
age they carry and also by the controls 
to which they are electrically connect- 
ed. Some thermostats have atime clock 
mechanism which will change the ther- 


f VARA Y 
TANNA 


MAGNET 


CONTACTS 


25-36. A schematic diagram of a hydraulically operated 
thermostat. 
(White-Rodgers Electric Co.) 


25-37. An external and internal view of a hydraulic type 
thermostat. 
(White-Rodgers Electric Co.) 
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b mostat setting automatically at certain 
set time intervals. One example is 
using a clock for obtaining lower night 
temperatures, and normal day tem- 
peratures. 
Other thermostats use hydraulic 
pressure to actuate the switch. 


25-18. HEATING THERMOSTATS 


The types of heating thermostats 
which have been most used indomestic 
service are the series 10, the series 
20, the series 80 etc. 

The series 10 thermostat has been 
very popular but is now being replaced 
by a high voltage thermostat, series 
80. The series 10 is a 24 volt unit and 
has three wires. The three wires are 
used to make a contact on temperature 
drop and then to close a holding cir- 
cuit. This thermostat must be used with 
a relay. The relay contacts control the 
110 V. circuit for the oil burner, 
gas burner, or stoker. 

The series 20 thermostat is also 
low voltage but it is a two wire system 
used with low voltage controls and may 
be used on gas burners, oilburners, or 
stokers. 

The series 80 thermostat is a two 
wire 110 V. thermostat that controls 
the furnace devices directly. 

An interesting problem in room 
heating thermostats is brought about by 
the fact temperature always tends to 
rise above the thermostat setting after 
the thermostat points have opened and 
the burner stopped. This action is the 
result of the residual heat in the 
furnace. To correct this overheating, 
the manufacturers have placed small 
heating coils in thermostats. There- 
fore, during the heating cycle, the 
thermostat is always about 1 F. warmer 
than the room. If the thermostat is set 
for 74 F, the thermostat will open when 
the room temperature is actually 73F. 
Then the room temperature will rise to 
74 F. because of the heat inthe already 
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heated furnace. These small resistance 
coils are usually called anticipator 
coils. 

For heating purposes the thermo- 
stat is designed to close the contacts 
when cooled while the thermostat used 
for cooling control closes the contacts 
when the temperature rises. 

The thermostats must be located 
carefully. They must not be exposed to 
drafts, to hot or cold walls, to sunlight, 
etc. They must be located inanaverage 
temperature location. Aninner wall is 
the most popular place. The thermo- 
stats are mounted about five feet above 


25-38. A combination heating and cooling thermostat. 
(Penn Controls Ine.) 


the floor. If placed closer to the floor 
the temperature control will be more 
uniform however it is more likely tobe 
disturbed by children or furniture. 
These thermostats should be kept as 
clean as possible inside. 

If lint should lodge between the 
points, an open circuit will result, 


25-19. COOLING THERMOSTATS 


Comfort cooling thermostats are 
similar in design to heating thermo- 
stats except that the contacts open as 
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the room cools and close as the room 
warms up. 


25-20. COMBINATION 
THERMOSTATS 


Some thermostats have both heating 
control and cooling control mechan- 
isms. A simple snap switch is used to 
change from one cycle to the other, 
Fig. 25-38. 

25-21. FURNACE CONTROLS 

All thermostats send an electrical 
signal to other electrical devices such 
as solenoid valves, relays, magnetic 
starters, etc. 

One such control is shown in Fig. 
25-39. It is commonly known as an oil 
burner primary control. It mounts on 
the furnace stack and responds to the 
thermostat and to a bi-metal strip 
suspended in the stack. The control 
operates the burner motor and alsothe 
ignition. However, if the oil does not 
ignite and if therefore the stack does 
not heat in a very few brief seconds, 
the safety bi-metal will shut off the 


25-39. An oil burner primary control, which will cycle 

the oil burner, operate the ignition system, shut off the 

unit if ignition fails, scavenge the unit on each cycle, etc. 
(White-Rodgers Electric Co.) 
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25-40. A wiring diagram for a gun-type oil burner. 
(White-Rodgers Electric Co.) 


current to the motor and ignition. The 
unit must be manually reset before it 
will operate. The control shown has a 
wiring diagram as illustrated in Fig. 
25-40. Note the series connection be- 
tween the power, the limit control and 
the primary control. The thermostat 
wires are low voltage while the others 
are 110 volts. 

Oil burners, gas burners and 
stokers all have their own distinctive 


) BURNER 
MOTOR 


25-41. A wiring diagram of a gun type oif burner in- 
stallation with a circulator motor control. 
(White-Rodgers Electric Co.) 


electrical components and wiring diag- 
rams. Fig. 25-41 shows the wiring 
diagram of a gun-type oil burner in- 
stallation with a circulator motor. The 
heavy wires are high voltage (115 V.) 
lines and the light wires are 24 volt 
lines. Note that the circulator control 
has its own separate control. 

A slightly different wiring diagram 
of a gun type oil burner installation 
is shown in Fig. 25-42, This system 
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operates the circulator motor whenthe 
room thermostat calls for heat. 

Gas furnaces use many varieties of 
electrical devices. Some operate on 
115 volts, some on 24 volts and some 


| © 
ROOM THERMOSTAT | f | 


RED-GL ACR HEAT ANTICIPATOR 


OIL RUANER 
CONTROL | 
Tor nega 
A 


IGMITION 
TRANSFORMER 
BURNER 
MOTOR 


CIRCULATOR 


25-42. A gun type oil burner installation with a circu- 
lator wired to run at all times the burner is operating. 
(White-Rodgers Electric Co.) 
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25-43. A solenoid operated gas line valve; low voltage 
type. Note the transformer in the lower right corner. 
(White-Rodgers Electric Co.) 


on current generated by a thermo- 
couple (25 to 700 millivolts). 

A wiring diagram of a solenoid 
operated gas line valve is shown in 
Fig. 25-43. It is a low voltage valve 
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| 25-44. Wiring diagram of a diaphragm-type valve 
heating plant. 
(White-Rodgers Electric Co.) 
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and it has a safety pilot, controls and 
the relay in series withit, The thermo- 
Stat is a series 20 thermostat (2 wire, 
low voltage). 

A diaphragm type gas valve wiring 
diagram is shown in Fig. 25-44. It has 
a circulator motor that operates all 


25-45. Wiring diagram of diaphragm-type gas valve 
heating plant. Note that heavy fes represent line volt- 
ages and lighter lines represent low voltages. 
(White-Rodgers Electric Co.) 
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25-46. Wiring diagram of thermostat, relay combina- 
tion for small comfort cooling units. 
(White-Rodgers Electric Co.) 


the time the burner is operating. Fig. 
25-46 shows a circulator motor that is 
controlled by its own temperature con- 


trol. 


25-22. COMFORT COOLING 
CONTROLS 


The complete wiring of a comfort 
cooling unit is shown in Fig. 25-46. 
This system uses a two wire thermo- 
stat, low voltage. The thermostat con- 
trols a relay which will close the 
motor circuit. If the motor cannot be 
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connected directly to the line and if 
pressure safety devices are to be put 
in the system, the wiring willbe some- 
what similar to that shown in Fig. 25- 
47. The high pressure safety cut-out 
is in series with the starter coil and it 
will open the circuit if the unit pres- 
sures become excessive. 


ROOM 
THERMOSTAT 


COMPRESSOR 
IHP OR GREATER 


DIAGRAM USING A LARGE REFRIGERATION UNIT. 


IF THE INSTALLATION HAS A SLOWER, IT IS USUALLY 
WIRED TO RUN CONTINUOUSLY DURING THE COOLING 
SEASON. 


25-47. Wriing diagram of a comfort cooling unit which 
uses a high pressure safety cut-out and a motor starter. 
(White-Rodgers Electric Co.) 
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25-48. A comfort cooling coil wiring diagram. This 
system has the thermostat operate the solenoid valve. 
The system cycles as the low side pressures vary. 
iwhiterredoes Electric Co.) 
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Some units cycle on the basis ofa 
low side pressure switch. The thermo- 


ANSI 


25-49. A combination thermostat used in radiant heat- 
ing installations. It has an outside sensitive bulb which 
adjusts the thermostat to higher water temperatures) 


when the outside temperature lowers. j 
(White-Rodgers Electric Co.) | 


stat operates a solenoid valve mo 
in the liquid or suction line. When th 
thermostat is satisfied the solenoid 
valve will close and when the low side 
pressure drops enough, the motor cir- 
cuit will be opened by means of the 
magnetic starter and the unit will 
stop, Fig. 25-48. l 
Many homes now use circulating 
hot water heating systems. This syten’ 
is especially popular for radiant heate, 
homes. To provide hotter water whe: 
the outside temperature drops, an in: 
side-outside differential thermostat i 
used to provide a change in ie 
temperature as the outside temperature 
changes, Fig. 25-49. It is important te 
install all electrical systems according 
to the National and Local Electrica 
Codes. 


25-23. HUMIDITY CONTROLS 


Humidity controls are important i 
keeping the relative humidity of the 
air-conditioned rooms satisfactory) 
Humidity controls operate during per: | 
iods of winter heating to add moistur | 
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o the air, and keep the humidity ap- 
groximately constant. 

Humidity controls operate in the 
summer to remove moisture from the 
ur. For the removal of moisture the 
umidity control usually operates anair 
»y-pass to put more air over the cool- 
ng coils. Such controls usually operate 
slectrically to regulate solenoid valves 
or dampers. The control element may 
xe either wood or human hair which 
re both sensitive to the amount of 
moisture in the air. Fig. 25-50 illus- 
‘rates the interior construction of a 


| 
25-50. A humidity control showing the operating 
| mechanism. 


popular humidity control device. Health 
studies indicate that humidity control 
‘is a very important factor in air- 
conditioning, 


25-24. REFRIGERANT CONTROLS 
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125-51. An air cooling coil showing t : 
land installation of three thermostatic expansion valves. 
(Detroit Controls Corp.) 


g the correct location 


SYSTEMS, CONTROLS 


usually use the thermostatic expansion 
valve refrigerant control. Some in- 
stallations use several such expansion 
valves on one large coil in order to get 
the maximum efficiency from the coil, 
Fig. 25-51. Self-contained systems, 
especially the hermetically built ones 
may use the capillary tube refrigerant 
control. 

In addition tothe refrigerant control 
used on automatic refrigeration sys- 
tems a solenoid refrigerant valve is 
usually placed in the liquid line. This 
automatically stops the flow of re- 
frigerant to the coil the instant the 
condensing unit stops. It is necessary 
in order that the cooling coil will not 
become flooded with refrigerant while 
the condensing unit is idle. Fig. 25-52 
illustrates a typical solenoid refrig- 
erant control valve, 

The refrigerating units are usually 
equipped with pressure controls. These 
low and high pressure controls are 
usually designed to lock the circuit 
open if any unusual pressures occur. 
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25-52. A cross section of a solenoid refrigerant control 


used on air conditioning coils. 
\ 


(A-P. Controls Corp.) 


The operator must manually turn the 
system on, This action insures careful 
checking of the unit for any fault. See 
Fig. 25-53 and Fig. 25-54. 
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25-25. AIR-CONDITIONING 
TIMERS 


There are many air conditioning 
installations that can be automatically 
timed for operation, Air conditioners 
installed in offices need not run on 


25-53. A dual pressure control for air conditioning con- 

densing units. This control will stay open if excessive 

head pressure below normal low sde pressures are en- 

countered in the system. A manual reset is necessary 
and the trouble is therefore detected early. 
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25-55. A seven day automatic timer for controlling the 
air conditioners running time for every day in the week. 
(Paragon Electric Co.) 


Saturdays or Sundays. Also they need 
not run during non-working hours. 

Many users of airconditioners want 
the units to start functioning at a 
certain time before the premises are 
used. 

Fig. 25-55 illustrates an automatic 
timer that operates on a seven (7) day 
schedule. The ‘‘buttons’’ on the peri- 
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25-54. The inner mechanism of an air conditional condensing unit pressure motor control. 
{Ranco Inc.) 
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phery of the time disc can be set to 


aturn on the air conditioner at any set 


time and shut it off at any set time each 
day. Note that Saturday afternoon and 
Sunday do not have off and oñ buttons. 


Therefore the unit will not run during 


this time. 


25-26. REVIEW QUESTIONS 

1. Name three types of air-con- 

ditioning plants. 

2. What refrigerant controls are 
usually used on air-conditioning 
cooling coils? 

. Why are solenoid refrigerant 
control valves necessary onair- 
conditioning cooling coils? 

4. What is the most economical 

way to use electricity for heat- 
ing? 


w 


5. How does a by-pass air system 
operate? 


6. List the most common 


four 


sources of energy for heating? 
7, What is the heating value of 
bituminous coal? 
8. Name the types of oil burners. 


25-56. An easily adjusted room thermostat. These new models are available for many types of applications. 


9. What is one advantage of gasasa 
fuel? 

. Why must stack temperatures be 
kept over 300 F.? 

. Why is air leaving a cooling 
coil considered to be damp air? 

. Can air be dehumidified by any 
other method than by cooling? 


13. How is condensate handled ina 
unit comfort cooler? 
14. What air is used to cool the 


condenser of an air cooled com- 
fort cooler? 


15. What is a bi-metal thermostat? 


25-27. THERMOSTATS 


A new style thermostat has recently 
(1959) been developed for air condition- 
ing systems. These units have easily 
manipulated settings. They are de- 
signed with all the various types of elec- 
trical bases to enable the thermostat 
to control either 1 heating system, 2 
cooling systems, or 3 combination 
heating and cooling systems. Fig. 25-56 
illustrates one of these units. 


(Penn Controls, Inc.) 
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HEAT PUMPS 


All refrigeration units are heat 
pumps. They all move heat from one 
place to another. They all pick up heat 
at low temperature level and release it 
at high temperature level. 

The cooling coils and condensers 
are both heat transfer devices and they 
could each be used for both cooling 
(picking up heat) or heating (releasing 
heat). 

The principle of using the refrig- 
eration unit as a heating mechanism 
too was first proposed by Lord Kelvin 
over 100 years ago but it has only been 
since World War II that there has been 
a serious effort to actually use the 
mechanism for heating. 

The heat pump is also called a 
reverse-cycle mechanism. However, 
the cycle is not actually reversed, only 
the cooling coil and condenser are in- 
terchanged and therefore the name 
‘treverse-cycle’’ is not technically 
correct. 


26-1. PURPOSE 

The heat pump is a mechanism that 
can either remove heat from the occup= 
ied space and discharge this heat tothe 
outside or it can be used to pick up 
heat from the outside and discharge it 
into the occupied space to heat it. 


26-2. THEORY 


The theory of the heat pump is that 
heat will move from a high tempera- 


ture to a lower temperature. This 
principle means that if a heat transfer 
coil can be maintained at a lower tem- 
perature than its surroundings, it will 
pick up heat from its surroundings. 
Therefore if the cooling coil of a 
refrigerating system can be kept ata 
temperature below its surroundings it 
will pick up heat. If a cooling coil is 
mounted outdoors and operated ata 
refrigerant temperature of 0 F., it will 
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26-1. A typical heat pump cycle used for heating, with 

a refrigerant evaporating outside at 25 F. (35 F. air) 

and this same refrigerant condensing at 110 F. in a con- 

denser in an air duct. A. Heat of compression; B. Heat 
released to the house. 


remove heat from the air even though 
the outside temperature is 10 or 15 F. 
Now if this refrigerant after it has 
evaporated is compressed by a com- 


| 
l 


pressor to a temperature of 120 F. to © 


140 F. this hot refrigerant will release 
heat to the surroundings, i.e., the 


inside of the house. Then, if by using _ 
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a system of valves, the cooling coil 
is changed into the condenser and the 
condenser is changed into the cooling 
coil during the summeér months, heat 
can be removed from the occupied 
zone and discharged or moved outdoors, 
Fig. 26-1. 


However, there are two liquid lines, 
two suction lines, and two refrigerant 
controls used in the simpler of the 
heat pumps in order to change from 
summer cooling to winter heating, 
Fig. 26-2, Now if coil A is mounted 
inside the house in an air duct, it 


26-2. A heat pump. Both heat transfer coils are blower 


coils. The solid refrigerant lines are used when values 


2, 5 and 3 are open while values |, 4 and 6 are closed. Coil A is then the condenser and B the cooling coil. By 
closing values 2, 5 and 3 and opening |, 4 and 6 the refrigerant will flow through the lines shown dotted, and 
A will become the cooling coil while B will become the condenser. 


26-3. OPERATION 


The operation of the heat pump is 
identical to any compression cycle. 
E principal parts of the system are: 
Compressor 
Condenser 
Receiver 
Liquid Line 
Refrigerant Control 
Cooling Coil 
Suction Line 
Motor Control 


onnon bu Ne 
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can either be used to give up heat to 


the house or it can bẹ used to remove 
heat and moisture from the house. 

The system can be simplified to 
three two-way valves by combining 
(4), (3), (1) and (2), (5), (6). 

Further careful design has produced 
one four-way valve to reverse the flow 
of refrigerant. Some of these valvesare 
electrically operated to permit chang- 
ing the system over by simply pushing 
a button. 

Many systems use a compact unit 
containing the refrigerant. The system 
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has its heat transfer surfaces self- 
contained in this unit. The heat transfer 
units in this system cool or heat 
liquids and these liquids in turn are 
pumped through heat transfer surfaces 
either outdoors or indoors, This sys- 
tem requires two liquid pumps but it 
enables the heat pump to operate more 
efficiently and confines the refrig- 
erant to a relatively small space. 


26-4. CYCLES 


The heat pump actually operates as 
two cycles: 

1. Heating cycle 

2. Cooling cycle 

The same mechanism is used for 
both cycles but the travel of refrig- 
erant is reversed in order to change 
from cooling to heating, Fig. 26-3. 


COIL F 


RECEIVER 


SERVICE VALVES 


COMPRESSOR 


[CHECK 


-~ THERMO VALVE 


COILE lEXPANSION 
'VALVE 


REMOTE ! 
(S(t = Sa eg et ces om 


26-3. A heat pump equipped with hand valves to permit 

manual changing of the systemfrom a heating system to 

a cooling system. Coil F is the outside coil and Coil E 
is the inside heat transfer surface. 


(Alco Valve Co.) 


Theoretically, it would take no 
energy to maintain correct conditions 
if the outside (ambient) temperatures 
equalled inside temperatures. 

For example: 

Outside (ambient) 
Temperature F Humidity % 


72 50 
Inside 
Temperature F Humidity % 
2 50 


If the ambient conditions are within 
10 F. and 10% of these conditions, 
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26-4. A cooling cycle for a heat pump. A. Heat energy 

of compression; B. Heat energy removed from the air | 

(cooling and dehumidifying). Note that A is approxi- 
mately one-third of B. | 


very little treatment is needed due to. 
the heat lag and time lag in controlling 
the variables. But if the ambient tem- | 
peratures were to increase over this | 


amount, for example: 


Outside (ambient) Inside 
F % F % l 
85 75 72 50 


The cycle would be as shown in Fig. l 
26-4. 

On the psychrometric chart, E 
apparatus would affect the air con- 
ditions as shown in Fig. 26-5. Point A- 


is the condition of the ambient air and 
the line A to B cools the air to 100% 
humidity and the line B to C is cooling 
the air and also removing moisture 
from the air. If 100% fresh air is 
being conditioned, point C represents 
the air as it leaves the cooling coil. 


VAPOR PRESSURE Of 
GRAINS OF MOISTURE 


26-5. The effect on the air in a house when using the 
cooling cycle of a heat pump. 


HEAT PUMPS 


hen as the air mixes with the airin 
the house or with air being brought into 
she duct system (recirculated air) point 
D is reached, P ” 

The heating cycle consists of re- 
moving heat from the ambient air and 
releasing this heat in the house. It 
must be remembered that heatingis not 
asually needed until the outdoor tem- 
perature is less than 65 F. Heat from 
appliances, and occupants usually 
makes up this small difference. 

For example, if the following con- 
ditions prevail 
Outdoor Inside 
50 F. 80% 72 F. 50% 
the outdoors coil will operate as a 
cooling coil and pick up heat from out- 
doors and discharge this heat into the 
house, Fig. 26-6. 

The heating cycle of the heat pump 
becomes less efficient as the outdoor 
temperature lowers, This action plus an 
increase in the load as the outside 
‘emperature lowers offers consider- 
able difficulties for those latitudes 
where temperatures drop to 20 F. 

own to 0 F, outside, Fig. 26-7. 
Note that A has increased withvery 
little increase in B which means that 
the coefficient of performance is less, 
Also with the refrigerant boiling at 0F., 
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26-6. A heat pump serving as a heating system with the 
utside temperature at 50 F., the refrigerant evaporating 
at 30 F. and the refrigerant condensing at 110 F. The 
ratio of A to B is the co-efficient of performance (cop). 


the cooling coil will frost rapidly 
necessitating some frequent defrosting 
means, 


26-5. PERFORMANCE 


The heat pump can be built to fit 
any need, The units have beendesigned 
for single rooms, for complete houses, 
and for industrial uses. The unit takes 
the place of both the comfort cooling 
unit and the heating apparatus. 

The source of energy iselectricity. 
To furnish 50,000 Btu’s per hour dir- 
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26-7. A heat pump heating cycle in operation when 
the outside (ambient) temperature is 20 F. 


ectly from electricity requires (@1 
kwhr, = 3410 Btu/hr). 50,000 Btu/hr.— 
3410 Btu/hr.= 14.6 kwhr. 

At 1 cent per kwhr., the heat load 
would cost 14.6 x .01= .146/hr.= 
.146 x 24 =$3.50/day. For one 30 day 
month the cost would be $3.50 x 30= 
$105/ mo. 

Obviously, this cost is prohibitive, 
but actually the cost is much less than 
this as the heat load of a house aver- 
ages much less than this value. Based 
on a degree day basis and assuming 
10,000 degree days per season for the 
area in the problem (avg. 35 F. am- 
bient temperature over a 9 month 
period), The heat load for a 50,000 
Btu/hr./70 F. temperature difference 
house the Btu loss per hr. per tem- 


perature degree will be 50000 = 714 
70 
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Btu/degree F/hr. The heat load for 24 
hrs. 714 x 24 - 17,136 Btu/degree day 
17,136 = 502 kwhr./degree day. 
5.02 x (Ol x 10,000 = $673.00/ 
season cost for heating by electrical 
resistance. 

The heat pump reduces this cost 
considerably. 

The heat pump uses electricity 
only to drive the compressor. The 
refrigeration cycle, if the proper tem- 
peratures are used, permits the con- 
denser to release three to four times 
as much heat as it takes in electrical 
energy to drive the compressor. This 
coefficient of performance (c.o.p.) 
means that one kwhr. of electrical 
energy driving the compressor can, by 
using the heat pump, release not 3410 
Btu/hr. but 3410 x 3 or 10,230.0 
Btu/hr. 

This coefficient of performance can 
be further increased by using some 
warmer heat source than the outside 
air. For example, well water, lake 
water, and the very ground itself, has 
been used to provide the heat for the 
heat pump. 

The cost of obtaining heat from the 
heåt pump therefore lowers the elect- 
rical cost to about $225.00 per season. 

If one could find a well furnishing 
water at 60 degrees F., the coefficient 
of performance can be raised to as 
much as 4 or 5 and this factor will 
make the cost of operation for the 
pump very close to the cost of heating 
with gas or oil. 


26-6. CONDENSERS AND COOLING 
COILS 


The coil mounted inside the house is 
a standard finned coil used with a 
blower. The fins are spaced 1/2 to 
1/4 in. apart and the fins extend about 
1/2 in. from the tubing or prime 
surface. 

The outside coil comes in a variety 
of designs. The coil design depends on 


what substance the coil is to releas 
its heat to or pick up its heat from 
The various types of coils classifieda 
to the heat medium are: 


l. Air coil 

2. Lake water coil 

3. Well water coil 

4. Ground coil 
26-7. AIR COIL 


The easiest to install and the leas 
expensive of the outdoor coils for he 
pump use is a coil used to release it; 
heat to the outside air, or to pick ui 
heat from the outside air. This typ: 
coil has many advantages in climate 
where the outdoor temperatures do nc 
vary more than from 30 F. to110F. 

The coil itself is a standard hea 
transfer coil with tubing for primar 
surface and extended fins bonded toth 
tubing. A blower is mounted in th 
housing that protects the coil from th 
weather. The coils have been mounte 
on the outside wall of the house, on th 
roof and in a separate shelter adjacer 
to the house. 


26-8. LAKE WATER COIL 


As has been explained, the per 
formance of a heat pump increases } 
efficiency as the condensing and coolir 
coil temperature approach each othe: 
Therefore, during the heating cycle 
if a warmer source can be found tha 
the ambient air, an increase in per 
formance can be expected. Several ir 
stallations have been tried where tk 
outside coil is approximately 10C 
feet of tubing dropped on the bottom 
a lake adjacent to the premises. TH 
coil if installed at the bottom of tł 
lake has a more consistent temperatur 
than otherwise. Installations of this tyg 
have been used as far north as Minr 
eapolis, Minn. 
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6-9. WELL WATER COIL 


Well water may provide a very 
efficient heat pick up-unit for heating 
and a good heat dissipator during the 
cooling cycle. 

The cost of the well is one dis- 
advantage but its cost is soon offset by 
the lower cost of operation. 

The most popular method of using 
well water is to pump the water out of 
the well and then after heat has been 
removed from the water or released to 
it, the water is returned to the well. 

When the well water is at 60 F.,a 
condensing temperature of 80 F. canbe 
used during the cooling cycle while a 
cooling coil temperature of 40 F. can 
be used during the heating cycle. 


26-10. GROUND COIL 


The type of outside coil which is 
receiving considerable attention is a 
ground coil. It has been found that 
regardless of the latitude and the air 
temperature changes, that the tem- 
perature in the ground at adepth of 4 to 
6 ft. changes very little. These tem- 
peratures average between 40 F. and 
60 F. 

Therefore if a coil is buried in the 
ground at a depth of 4 to6 ft. and it has 
sufficient heat transfer surface it can 
be very efficiently used as an outdoor 
coil for both the heating and cooling 
cycle. Fig. 26-8 illustrates a ground 
coil system as it operates during the 
winter. In actual construction the 
ground coil is installed ina flat posi- 
tion. Also the air return is usually 
a split-~air system with a fresh air 
make-up duct. Fig. 26-9 illustrates the 
Same basic system used as a comfort 
cooling mechanism. In actual practice, 
valves would be used to flow the con- 
densed refrigerant first through the 
liquid receiver and then through the 
expansion valve from left to right 
before the reduced pressure refriger- 


PUMPS 


ant enters the cooling coil in the duct. 

Several installations have been 
made using a combination of air coils 
and either a lake coil, well coil, or 
ground coil. The air coil is used alone 
when the outdoor temperature permits 
efficient operation but when the outside 
air becomes too cold or too warm the 
auxiliary coil is connected into the 
system. 


26-11. COMPRESSORS 


The compressor used inheat pumps 
is of standard construction. Units upto 
5 H.P. use single stage compressors of 
constant capacity. The trend is to use 
hermetic compressor-motor combina- 
tions. 

Because the pumping load varies 
extensively during the day and also 
during the change of seasons, variable 
capacity compressors are now being 
used. These compressors vary their 
capacity by operating valves which 
unload a compressor cylinder or cyl- 
inders into clearance pockets. 

The mechanism used is hydraulic- 
ly or electrically operated to hold open 
the intake valves or to open a passage 
to a clearance pocket for that cylinder 
or cylinders that are to be unloaded. 


26-12. MOTORS 


The smaller heat pumps, 1/3 to 1 
ton, use standard single-phase motors 
usually with a capacitor starting wind- 
ing. Three phase motors are preferred 
in units over one ton capacity mainly 
for electrical economy. The single 
phase motors should be operated at 
220 volts if possible. 

As stated before, most of the units 
are now of the hermetic design. 


26-13. REFRIGERANT CONTROLS 


Both the thermostatic expansion 


valve and the capillary tube refrigerant 
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controls are being used with heat 
pumps. The change-over valves are 
much simpler in those units that use 
the capillary tube control because the 
flow of refrigerant can be reversed 
through the tube for pressure reducing 
purposes. In this type of installation, 
a strainer must be installed at both 
ends of the tube. Fig. 26-10 illustrates 
a heat pump uSing a capillary tube and 
a solenoid reversing valve, operating 
on a cooling cycle. The wiring diagram 
and a diagram showing the control con- 
tact for the cooling cycle are shown in 
Fig. 26-11. 

Fig. 26-12 illustrates a heat pump 
using a capillary tube and a solenoid 
operated reversing valve operating ona 


heating cycle. 
The wiring diagram and a diagram 


showing the control contacts for the 
heating cycle are shown in Fig. 26-13. 
The thermostat which operates the 
four way valve and also controls the 
temperature is shown in Fig. 26-14. 


The wiring of heat pumps depends 
mainly on whether the motor is con- 
nected directly to the line or whether 
some kind of starter (magnetic or 
transformer) is used. See Fig. 26-15. 


26-14. REFRIGERANT LINES 


The suction lines and liquid lines of 
the heat pump are unusual in that both 
lines are constructed large enough to 
handle the refrigerant in a gaseous 
form. This is because the use of the 
lines may be reversed as the cycles 
are reversed. A liquid line, while ona 
cooling cycle, may become a suction 
line when the unit is used for heating. 

The lines are normally fitted with 
streamline soldered connections. Sil- 
ver brazing is the most popular. Flex- 
ible connections are usually installed 
in the lines at the compressor to 
eliminate noise and to allow for some 
vibration of the compressor. 


26-10. A heat pump with a capillary tube refrigerant 
control operating on a cooling cycle (indoor cool). The 
bent arrow lines mean high temperature. The straight 
arrow lines mean low temperature. 
(Ranco, Inc.) 


26-15. MOTOR CONTROLS 


A double set of automatic controls 
is usually required for the heat pump. 
A thermostat designed for heating is 
needed for cold weather conditions and 
a thermostat designed for cooling con- 
ditions is needed for warm weather. 
Humidstats are not used extensively as 
yet although they are needed for com- 
plete automatic control. 


26-16. REVERSING VALVES 


Several different types of valves 
are used in heat pumps to reverse the 
refrigerant flow. At least six one-way 
valves are needed. These valves may 
be electrically operated (solenoids) 
or manually operated. 

Some units use three-way valves, 
either manually or electrically oper- | 
ated. These valves have one opening — 
to the compressor, one opening to the 
condenser, and one to the cooling coil. 
Two of these valves are needed to 
operate the unit. 

A four way valve may be used to 
reverse the flow of refrigerant. It is 
operated by one valve stem movement 
which closes and opens several ports 
in one valve body, either by moving 
the stem manually or electrically. 
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26-11. A wiring diagram of a heat pump showing the electrical connections for the cooling cycle. 
(Ranco, Inc.) 


26-12. A heat pump operating on the heating cycle. 
The crooked arrows indicate high temperature. The 
straight arrows indicate low temperatures. Note the 
use of a 4-way valve. 
(Ranco, Inc.) 


The system is easily reversed with one 
of these valves. The valve is popular 
in the small tonnage units such as 
window units and other air-to-air units. 

A four-way valve that is operated by 
pressure is shown in Fig. 26-16. A 
solenoid valve controls the pressure at 
the top portion of the solenoid valve. 
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26-13. The electrical connections during the heating 
cycle of the heat pump and using the thermostat shown 
in Figure 26-19. 

(Ranco, Inc.) 


When the pilot valve is energized, the 
compressor low side pressure is im- 
posed on the four way valve and all 
three internal valves are lifted, pro- 
ducing the cooling cycle. Coil E is the 
indoor coil while Coil F is the outdoor 
coil. 

When the solenoid pilot valve circuit 
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is opened, manually orbyathermostat, 
the solenoid valve closes and the three 
valves inside the four-way valve drop, 


26-14. A thermostat for controlling an air conditioner 
heat pump. This is shown in Fig. 26-11 and 26-13. 
(Ranco, Inc.) 


LINE LINE 


REVERSING 
VALVE 


REVERSING 
VALVE 


26-15. Three wiring diagrams for heat pumps. No special mechanism is used on the diagram at the left. The 
middle diagram shows a line coil magnetic starter. The diagram on the right shows a low voltage coil magnetic 
starter. 

(Ranco, Inc.) i 


and the refrigerant flow to the coils is 
reversed. 

This heat pump uses two thermosta- 
ter expansion valves and two check 
valves to permit reversing the re- 
frigerant flow around the thermostatic 
expansion valve, 
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26-16. A heat pump schematic diagram which uses a 
special four way reversing valve. As shown it is operat- — 
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During the cooling cycle, the upper | 
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SERVICE b 
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COMPRESSOR SEE 


HEATING CYCLE f 
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ing on the heating cycle. 
[Alco Valve Co.) 


LINE 


TRANSFORMER 


CONTACTOR 


REVERSING 
VALVE 


thermostatic expansion valve is not 
used. 
Fig. 26-17 illustrates this same 
system operating as a heating unit. 
Coil E now is the condenser and is 
releasing heat to the indoors. 
Fig. 26-18 illustrates a modern heal 


HEAT PUMPS 


CONDENSER COIL F 


(Sees ey ee e r 5 COOLING CYCLE 


EVAPORATOR COIL E 


26-17. A heat pump schematic diagram which uses 

one four way reversing valve. A solenoid pilot valve is 

used to operate the four way valve. As shown it is 
operating on the cooling cycle. 


(Alco Valve Co.) 


during the cooling season the exposed 
coil is the cooling coil. A diagram- 
matic sketch of the systems operation 
may be seen in Fig. 26-19. Notice that 
two separate circulating fins are used. 
The black coil is the warm coil andthe 
white coil is the cooling coil in each 
illustration. These units are installed 
in a home, either in the basement, or 
on the first floor. Fig. 26-20 shows a 
typical first floor utility room installa- 
tion. 


26-17. REVIEW QUESTIONS 


1. What part of the refrigerating 


26-18. A modern heat pump mechanism. 


[Westinghouse Electric Corp.) 


Jump mechanism. This design has air 
ducts that bring outside air into the 
init and discharges this air outdoors. 
This outdoor coil is in the upper left 
orner of the picture. The indoor air 
asses through the filters and the coil 
shown. During the heating season the 
xposed coil is the condenser, and 


unit releases heat? 
2. Who first proposed the use of a 
refrigerating unit for heating? 
3. How many heat transfer surfaces 
does a heat pump have? 
4. How can heat be removed from 
0 F. air? 
5. What are operating 


the two 
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WINTER HEATING SUMMER COOLING l 


<f COOLEO ~ 
AIR TO 
HOME 
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26-19. A diagram illustrating the air and refrigerant circuits in a heat pump during heating and cooling operation. 
(Westinghouse Electric Corp.) 
mance ? 

8. Is it less expensive to heat with | 
electrical resistors or with a 
heat pump? i 

9. How many Btu/hr. are generated 
by one kwhr. through direct elec- | 
trical resistance? 

10. List one disadvantage of each 
type of coil. ) 

11. What are the various types of 
outdoors coils? 

12. What type of coil is used in- 
doors? 

13. What outdoor coils are used when 
dual coils are used? 

14. Why is the capillary tube espec- 
ially advantageous to use in heat 


26-20. A diagram of a heat pump installation in a house. 


cycles of a heat pump? pumps? 
6. Under what conditions is a heat 15. Explain the operation of a three 
pump the most efficient? way valve used to reverse the 
7. What is coefficient of perfor- refrigerant flow. | 
648 


Chapter 27 


AUTOMOBILE 
AIR CONDITIONING 


Air conditioning our surroundings 
is an important factor affecting our 
comfort. We are now accustomed to 
living in air conditioned homes and 
working in air conditioned buildings. 
Accordingly we are made more con- 
scious of the discomfort of hot and 
humid vehicles in which we travel. Itis 
only natural that the vehicles in which 
we travel should be air conditioned 
also. 


27-1. DEVELOPMENT 


The purpose of the air conditioning 


AMMETER 


COMPRESSOR 


A—Compressor Suction Service Valve 
B—Compressor Discharge 
C—Receiver Shut-off Valve 
D—Condenser Shut-off Valve 
E—Funible Plug 

F—Freon Level Tester 

G—;”" High Pressure Gas Line 


27-1. An early com 


INSTRUMENT PANEL SWITCH 


system for automobiles and buses is 
identical to the general purpose of air 
conditioning as stated in Chapter 22. 
The first kind of air conditioning 
applied to moving vehicles was the 
heater. Ventilation was crudely and 
easily obtained by opening windows. 
Prior to World War II vehicles were 
introduced that had ‘‘airconditioning,’’ 
but the term only meant that the 
apparatus controlled the heating, ven- 
tilation, and filtering of the air. 
During the late thirties some pas- 
senger buses were air conditioned on 
an experimental basis. The Packard 
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fort cooling system installed in an automobile. 


(Studebaker-Packard Corp.) 
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27-2. All season air conditioner for 1958 Ambassador and Rambler cars, which combines cooling, heating, 
ventilating and defrosting in one unit. 


Motor Car Co. was the only company 
offering comfort cooling apparatus, 
factory installed, prior to 1941. See 
Fig. 27-1. 

Since World War II, completely air 
conditioned automobiles of most makes 
have been available. There has been a 
very rapid increase in the use of the 
complete air conditioning unit for auto- 
mobiles. A late model comfort cooling 
unit for automobiles is shown in Fig. 
27-2. In this installation the compres- 
sor is mounted above the engine and is 
driven by a belt from the front end of 
the engine. The condenser is mounted 
ahead of the car radiator. The liquid 
refrigerant flows from the condenser 
to the liquid receiver and through a 
filter to the cooling coil. The vaporized 
refrigerant then flows back throughthe 
suction line to the compressor. Ablow- 
er forces air from the inside of the 
car through the cooling coil and cir- 


culates it to the interior of the car by 
means of the grilles at each end of the 
dash. The refrigeration cycle diagram 
for this air conditioner is shown in 
Fig. 27-3. 

On the air conditioning cycle, re- 
frigerant gas enters the compressor 
through the suction service valve (low 
side). The gas is then drawn into the 
cylinder and compressed by the piston 
and discharged through the discharge 
service valve into the condenser (high 
side). The heat of compression and the 
latent heat of vaporization are givenup 
to the air flowing past the condenser 
and the refrigerant is liquefied. The 
liquid receiver stores the liquid re- 
frigerant which is still under high 
pressure. The liquid receiveris equip- 
ped with a fusible plug set todischarge 
at 367 F. in the event of afire. 

The liquid refrigerant flows through 
a filter then through a sight glass. The 
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27-3. A refrigeration cycle diagram for a typical car air conditioning system. 
(Nash Div.. American Motors Corp.) 
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| 
„Sight glass provides a quick and easy 


way of checking the refrigerant charge 
in the system. The presence of bubbles 
or foam indicates a“shortage of re- 
frigerant. The liquid refrigerant flows 
to the thermostatic expansion valve 
which is the dividing point between the 
high and the low pressure side. The 
control bulb of the thermostatic expan- 
sion valve is clamped to the suction 
line as it leaves the cooling coil. 
During the ‘‘on’’ cycle the expansion 
valve provides a throttling action which 
controls the quantity of refrigerant in 
the cooling coil and it prevents liquid 
refrigerant from reaching the com- 
pressor. The equalizer connection is 
used on all high capacity systems. It 
assures operation of the cooling unit at 
maximum capacity at all times. The 
cooling coil (evaporator) receives the 
liquid refrigerant at low pressure and 
the refrigerant evaporates and absorbs 
heat from the air passing over the 
surface of the cooling coil. 
Electrically driven blowers assist 
in circulating air over the cooling coils 
and through the interior of the car. The 
evaporated refrigerant is returned 
through the suction line to the suction 
service valve and the cycle is repeated. 
If the cycle were repeated con- 
tinuously the temperature in the car 
would drop to an uncomfortable level 
and the cooling coil would frost over. 
To prevent this condition an automatic 
by-pass is built into the system. The 
components of this part of the system 
are the solenoid by-pass valve, tem- 
perature control thermostat by-pass 
line, and check valve. The solenoid 
valve is wired in series with the tem- 
perature control thermostat and the 
air conditioning switch. When a tem- 
perature of 32 F. is reached, the sole- 
noid is de-energized and the refrigerant 
by-pass circuit is opened. High pres- 
sure refrigerant vapor from the con- 
denser flows through the solenoid valve, 
the by-pass line, and back tothe suction 


service valve of the compressor. The 
cooling coil warms up and defrosts. 
As soon as the cooling coil reaches 
37 F. the solenoid valve closes and the 
cooling cycle is again in operation. 
When the air conditioning systemis 
not turned on, such as in winter when 
the heater is used, the mechanism is 
not in operation. This is accomplished 
by not energizing a magnetic clutch on 
the compressor pulley which allows the 
compressor pulley to free wheel when 
the air conditioning is not turned on, 


27-2. APPLICATION PROBLEMS 


The greatest problem inautomobile 
air conditioning comes from the fact 
that the compressor is belt-driven from 
the engine, and the compressor speed 
will vary with the engine speed which 
of course varies continuously as the car 
speed changes. The compressor must 
have enough capacity to give sufficient 
cooling at idling speed on the hottest 
day. Naturally considerable excess 
capacity is provided at high speed and 
under cool weather conditions. This 
condition brings in problems inboth the 
matter of controlling the temperature 
and the control of refrigerant (both 
liquid and gas) within the cycie. If the 
compressor is operating rapidly and 
little or no refrigeration is required 
the high side pressure will buildup and 
the low side pressure will drop very 
low. 

Dropping the low side pressure 
lowers the cooling coil (evaporation) 
temperature. The cooling coil tem- 
perature must not be allowed to drop 
below 32 F. If it should operate at a 
temperature of 32 F. or lower for any 
length of time it would freeze over and 
fill with ice and become inoperative. 

Also operating the system under a 
very low low side pressure will cause 
oil pumping which may damage the 
compressor valves and if continued may 
burn out the compressor. 
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Various cycle and mechanical sys- 
tems have been devised to overcome 
these problems. 


27-3. SOME TYPICAL OPERATING 
` CYCLES 


There are four basic cycle and 
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27-4. A cycle diagram of a pressure operated by-pass 
and low me pressure refrigerator system. A. compres- 
sor; B. condenser; C. Thermostatic expansion valve; 
D. Cooling coil (evaporator); E. Low side pressure oper- 
ated by-pass; F. Evaporator pressure control. 
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27-5. A cycle diagram of a pressure operated by-pass. 

A. Compressor; B. Condenser; C Thermostatic expan- 

sion valve; D. Cooling coil (evaporator); J. Pressure oper- 
ated by-pass valve. 
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mechanical systems in common use. 
They are: 
1, Pressure operated by-pass and 
low side pressure regulators. 
2. Pressure operated by-pass. 
3. Solenoid operated by-pass. 
4. Magnetic clutch. 


PRESSURE OPERATED BY-PASS 
AND LOW SIDE PRESSURE 
REGULATOR 


A diagram of a pressure operated 
by-pass and low side pressure regula- 
tor is given in Fig. 27-4, Inthis system 
the cooling temperature is held about 
32 F. by means of the evaporator 
pressure control (F) which does not 
allow the pressure in the coil to drop 
below a pressure corresponding to 32 F. 


27-4. 


The compressor low side pressure 
is regulated by the low side pressure 
operated by-pass (E). This control 
operates to allow liquid refrigerant to 
by-pass through (E) to the low side at 
any time that the low side pressure 
drops below the setting of the valve. 


27-5. PRESSURE OPERATED BY-PASS 
VALVE 


A diagram of a pressure operated, 
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27-6. A cycle diagram for a pressure operated by-pass. The modulator valve is the pressure by-pass in this 


system. 


Note the solid core type dehydrator and filter at the entrance to the liquid receiver. 


(Studebaker Div., Studebaker-Packard Corp.) 
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* by-pass is given in Fig. 27-5. In this 
system the pressure operated by-pass 
valve (J) is connected between the 
compressor discharge (high side) and 
the compressor suction line (low side). 
It is set to open and by-pass hot gas 
from the high side to the low side when 
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27-7. A cycle diagram of a solenoid operated by-pass. 

A. Compressor; B. Condenser; C. Thermostatic expan- 

sion valve; D. Cooling coil (evaporator); E. Solenoid 
operated by-pass valve. 


the pressure difference reaches the 
setting of the valve. This cycle does not 
give as even a coil temperature as the 
one described in the preceding para- 
graph. See Fig. 27-6. 


27-6. SOLENOID OPERATING 
BY-PASS 


A diagram of the solenoid operated 
by-pass is given in Fig. 27-7. In this 
system a thermostat mounted on the 
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27-8. An installation diagram for 


(Dodge Div.. 
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Chrysler Corp.) 


cooling coil (evaporator) operates to 
open a solenoid valve and by-pass hot 
gas from the high side to the low side 
when the temperature of the cooling coil 
drops to 32 F., Since the solenoid valve 
is eitker closed or wide open it does 
not give the throttling effect of the 
pressure operated valve. This is apop- 
ular type of system and it gives good 
results. Fig. 27-8 and Fig. 27-9 show 
installation diagrams for this type of 
system. 
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27-9. The path of the by-passed refrigerant when the 
solenoid ie is not energized. When the thermostat 
calls for more cooling the solenoid is energized and the 
by-pass is closed. 
(Ford Motor Co.) 
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27-7. MAGNETIC CLUTCH 


A diagram of a magnetic clutch 
controlled compressor is shown in 
Fig. 27-10. In this systema thermostat 
on the cooling coil (evaporator) 
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27-10. A cycle diagram of a magnetic clutch operated 
temperature control. A. Compressor; B. Condenser; 
C. Thermostatic expansion valve; D. Cooling coil evap- 
orater; H. Magnetic clutch on compressor drive pulley. 


operates an electric circuit to a mag- 
netic clutch on the compressor drive 
pulley. When the temperature of the 
cooling coil is brought down to a pre- 
determined setting, the thermostat 
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27-11. A magnetic clutch controlled compressor. This 


cycle diagram shows the vibration absorption units in the 
suction and liquid lines also the dehydrator-filter installed 
in the liquid receiver. A sight glass in the liquid line will 
indicate by bubbles if the system is low on refrigerant. 
(Cadillac Motor Car Div., General Motors Corp.) 
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27-12. A magnetic clutch used to connect or disconnect 
a compressor from the drive pulley. 
(Pontiac Motor Div., General Motors Corp.) 


opens the electric circuit to the mag- 
netic clutch on the compressor drive 
pulley and the pulley ‘‘free wheels” on 
the compressor shaft andthe compres- 
sor stops. This system gives both good 
coil temperature control and even pres- 
sure control on both the high side and 
the low side. See Fig. 27-11. 


10 20 30 270 50 60 70 80 90 100 
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o 0 


27-13. A curve showing the relationship between car 
speed, heat load and horse power required to drive the 
automobile cooling mechanism. 

A magnetic clutch is sometimes 
used on a by-pass system as a means 
of turning the air conditioning system 
on and off but may not be used for tem- 
perature control, The construction of 
the magnetic clutch in this case is 
somewhat different, Fig. 27-12. 
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27-8. PERFORMANCE 


The unit must be óf a size that has 
at least a three ton capacity at a 
vehicle speed of about 50 miles per 
hour. The belt driven compressor and 
its component parts works very satis- 
factorily, Fig. 27-13. 

As the automobile slows down, the 
capacity will decrease, and as the 
automobile speeds up, the capacity will 
increase, This variation in capacity is 


is 
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GLASS 


27-14. A two cylinder compressor with a magnetic 
clutch. Note the oil filter plug and the oil level sight 
glass. 

[Pontiac Motor Div., General Motors Corp.) 


somewhat parallel with the changing 
heat load except at one criticalinterval, 
parked or in slow moving traffic. At 
these critical times the compressor 
capacity is far below its needed cap- 
acity. At present, the only recourse is 
to idle the engine at a higher speed and 
to travel in traffic in some inter- 
mediate gear to enable higher engine 
speeds. 

The refrigerating system can con- 
sume as much as 8 H.P. from the 
engine at high speeds and at this high 
Speed the unit capacity willbe approxi- 
mately 36,000 Btu/hr. or three (3) tons 
Capacity. This means that about 2 1/2 
H.P. are needed for each ton of re- 
frigeration effect. This compares tothe 
use of 1 H.P. for each tonof refrigera- 


IR CONDITIONING 


tion in a motor driven constant Speed 
compressor comparably built and with 
the cooling coil and condenser more 
ideally located. 

When heating is required, the typical 
hot water coil using engine heat is 
installed in the air duct. The same 
fans and also the same filters may be 
used during the cooling cycle and during 
the heating cycle. 


27-9. COMPRESSOR 


The compressors used at present 
are mostly belt-driven from the engine. 
They operate at slightly above engine 
r.p.m. Therefore with the engine idling, 
the compressors will revolve at ap- 
proximately 600 r.p.m. and at maximum 
engine Speeds, the compressor will 
revolve at near 5000 r.p.m., Fig. 27-14. 

The compressor must be designed to 
be fairly efficient and trouble free under 
all of these conditions of variable 
speed and low and high pressures. 

Crankshaft seals must be of a 
heavy duty type; the moving parts must 
be balanced for all the varying speeds. 
The compressor breathing, volumetric 
efficiency, must stay up to a certain 
minimum regardless of the speed. 
Therefore, the valve and valve port 
design must be excellent. 

Either a rotary or reciprocating 
compressor may be used. They are 
identical in operation to those explained 
in previous chapters. 

Several new designs arc being tested 
which involve putting the compressor 
in the trunk of the car or between the 
trunk and the rear seat of the car and 
driven by electric motors, hydraulic 
motors, or mechanical drive by means 
of a flexible shaft. Some of these com- 
pressors are hermetic. The packaged 
air conditioning unit is adaptable to 
heat pump use and could be used for 
heating as well as cooling. 

Service valves are provided for 
mounting gauges in the low pressure 
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27-15. An exploded view of an automobile air conditioning compressor. 
(Pontiac Motor Div., General Motors Corp.) 
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27-16. A section drawing of a wobble plate type com- 

pressor. An exhaust valve is shown at the upper left. 

The connecting rods are of the ball and socket type. 
(Cadillac Motor Div., General Motors Corp.) 


side and the high pressure side of the 
system. See Fig. 27-15. 

The Cadillac Div. of the General 
Motors Corp. uses a wobble plate type 
compressor having five cylinders, Fig. 
27-16. This compressor uses a wobble 
plate mounted on a double row of ball 
bearings. These bearings run on an 
inclined race which is fastened to the 
rotating shaft. The suction line con- 
nection is centered with the shaft. An 
oil pump is mounted between the single 
row ball bearings and the seal. 

The compressor uses a magnetic 
clutch. The solenoid coil is stationary 


and when energized, it moves theinner 
clutch plate into contact withthe pulley. 
Actuating balls placed in depressions 
between the two clutch plates force 
the plates apart as the inner plate 
tends to revolve with the pulley. Inthis 
way the necessary driving friction is 
obtained, Fig. 27-17. This also shows 
details of the crankshaft seal. 
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27-17. Details of the magnetic clutch used on Cadillac 
air conditioning compressors. 
(Cadillac Motor Car Div., General Motors Corp.) 
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27-18. The details of an air cooled condenser mounted 
in front of the automobile radiator. 
(Ford Motor Co.) 


27-10. CONDENSER 


The condenser is usually mounted 
in front of the lower part of the car 
radiator. The discharge line from the 
compressor to the condenser usually 
has a vibration absorber mounted init. 

The condenser is either the one, two 
or three pass finned tube type. It is 
firmly fastened to the radiator shell, 
and much of the air going into the en- 
gine compartment and through the rad~ 
iator goes through the condenser first. 

The condenser is the standard con- 
struction air cooled type. Fig. 27-18. 

If the condenser is mounted in the 
trunk, a separate fan is usually used to 
force air through the condenser. 


27-19. A trunk mounted type cooling coil (evaporator). 
Note the sight gauge in the liquid line at the attachment 
to the thermostatic expansion valve. The end air ducts 
discharge the cooled air to the passenger compartment. 
The center lines are for return to the cooling unit. 


(Studebaker Div., Studebaker-Packard Corp.) 


The refrigerant lines are usually 
copper or flexible lines. Silver brazed 
connections are used wherever pos- 
sible, but flared connections are needed 
where the units must be disconnected 
for servicing. It is important that the 
copper tubing be prevented from touch- 
ing any steel parts of the car. Wear 
and corrosion would quickly cause leaks 
at the contact points. 


27-11. COOLING COIL 


The cooling coil of the automotive 
air conditioner is the finned, forced 
convection type, It is enclosed ina 
metal housing that also serves as a 
duct for the conditioned air. A moisture 
drain pan and drain pipe must also be 
incorporated in the unit, Fig. 27-20. 

To be able to determine if the unit 
is fully charged with refrigerant, a 
sight glass is usually mounted in the 
liquid line near the condenser. 

A dryer is also standard equipment 
in these systems. 

Some systems mount the cooling 
coils in the trunk of the car, while 
others mount the coils in a front 
fender well. A cooling coii, blower, 
and duct installation mounted under the 
instrument panelis shownin Fig. 27-20. 
The heating coil is mounted in the 
fresh air intake opening and fastens to 
the fire wall on the dash. Fig. 27-21 
shows an instrument panel design for 
air conditioning systems using a cooling 
coil mounted up front. 


27-12. ELECTRICAL SYSTEM 


The electrical system of the auto- 
mobile air conditioner is unique inthat 
a single wire system is used as the 
frame of the car serves as the return 
wire or ground. 

The main parts of the electrical 
system are: 

1. Blower or blowers 

2. Blower switch 
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27-20. A cooling coil mounted under the instrument panel. 
(Ford Motor Co.) 


3. Thermostat 

A typical wiring diagram is shown 
in Fig. 27-22. The electrical connec- 
tions must be kept in excellent con- 
dition, because the voltages are low 
(6-8 Volts or 12 to 14 Volts). 

This system uses a fast idle sole- 
noid to permit sufficient comfort cool- 
ing when parked or waiting for traffic 
conditions to clear. The solenoid valve 
usually opens a vacuum control that 
automatically adjusts the engine idle 
speed to about 750 r.p.m. It is wired 
into the system to function only when 
the car transmission is in neutral. 
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27-21. An instrument panel showing air conditioning 
controls and nozzles. The nozzles are adjustable to direct 
the flow of cool air where wanted in the car. 
(Pontiac Motor Div., General Motors Corp.) 


Since the refrigerating mechanism 
and its controls maintain the cooling 
coil (evaporator) temperature within 
certain limits, the amount and degree 
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27-22. A wiring diagram of an automobile air condi- 
tioning unit that uses a fast idle solenoid and a com- 
pressor pulley solenoid clutch. 

(Pontiac Motor Div., General Motors Corp.) 


of cooling within the caris controlled by 
the amount or rate of air circulation 
over the cooling coils. This air speed 
is controlled by the speed of the blow- 
ers. Some blowers have two different 
speed steps, others are controlled by 
a variable rheostat and a great range 
of speeds may be provided. Fig. 27-23 
shows a wiring diagram foranautomo- 
bile air conditioning system which uses 
a solenoid clutch, two blower motors 
with variable speed rheostats, a ther- 
mostat, and a manually operated rheo- 
stat in the thermostat circuit. 
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-23. A wiring diagram of an automobile air condi- 
ning system. The unit has a solenoid clutch, two 
wer motors with variable rheostats, a thermostat, and 
manually operated rheostat in the thermostat circuit. 
{Cadillac Motor Car Div., General Motors Corp.) 


27-13. AIR DISTRIBUTION 


The distribution of air within the 
automobile body offers several unusual 
problems. The space is confined, the 
seats present a restriction to the air 
flow, and the low roof accelerates the 
possibility of drafts. 

A popular method of airdistribution 
is to provide two airduct openings back 
of the back seat which blow the con- 
ditioned air forward and along the 
ceiling of the body. This air mixes by 
turbulence with the air in the car and 
settles over the occupants. See Fig. 
27-24, This system will produce 
noticeable drafts under certain con- 
ditions, 

An unproved method is to install 
ducts between the ceiling fabric and 
the outer shell of the body. Grilles 
are placed at frequent intervals along 
these ducts to move conditioned air 
into the occupied space. 


-24. A phantom view of an air conditioning system which has the coils, the blowers, and the filters installed 
in the trunk immediately behind the rear seat. 
(Cadillac Motor Car Div., General Motors Corp.) 
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The ducts are made of metal or 
plastic. Fairly high air velocities are 
used as the air movement noise is not 
as critical as it is in an office or 
residence. 

A small controllable duct is usually 
located between the fan and the outer 
shell of the body to admit a variable 
amount of outside air. This duct should 
be large enough to admit as much as 
75% fresh air. Grille covers the duct 
opening in the car body. 


27-14. FANS 


Fans used to circulate air are of 
the radial flow type (squirrel cage or 
centrifugal type). They are driven by 
D. C. motors either 6 V.or 12 V. These 
motors must be serviced periodically. 
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27-25. An illustration of the correct way to attach a 

gauge manifold, auxiliary vacuum pump and charging 

cylinder when charging an automobile air conditioning 
system. 


(Ford Motor Co.) 
27-15. FILTERS 


All systems use filters. Most ofthe 
filters are of the maze-oil impregnated 
type. These filters average 12 x 12 in. 
and are 1/2 to 1 in. thick. This size 
means that the air velocity through the 
filter is high enough to cause a drop in 
filter efficiency. It is very important 


{ 


that these filters be replaced frequent- 
ly (every three months average), 

The filters are located at the intake 
of the blower, and the filter is position- 
ed to clean both the recirculated and 
the fresh air. | 


27-16. INSULATION 


Most car bodies are at present being | 
sound insulated. A very similar methodi 
can also be used to heat insulate the 
body. Fiber glass, glass wool, or any 
low K valve non-settling flexible in- 
sulation is satisfactory. i, 

The large amount of window area 
allows considerable heat leakage and 
also a high sun load. The use of tinted 
glass reduces the heat load consider=' 
ably. ! 

To avoid air conditioning the trunk 
space, insulation is usually placed over 
the back of the rear seat of the car. 
This insulation also reduces the noise 
level of the blower unit. 


It is essential that the body of the 
car be tightly sealed at all joints. The 
door gaskets must be in good condition,’ 
In addition to the usual water tightness 
test of the car body, it should also bm 
tested for air tightness. | 
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27-17. BUS AIR CONDITIONING 


The air conditioning of buses has, 
progressed rapidly. Due to the size ©: 
the unit, most of the systems use ¢ 
gasoline engine with an automatic start- 
ing device to drive the compressor) 
The system is of standard constructior, 
except the condensing unit is made as 
compact as possible, and it is installa 
in the bus in such a way as to be 
readily accessible for servicing. | 

Air cooled condensers are used 
Thermostatic expansion valves witl 
finned blower cooling coils are stand: 


ard, The duct system usually runs in i 
false ceiling in the bus. The ducts, om 


i] 


662 l 


AUTOMOBILE AIR CONDITIONING 


on each side of the bus, have grilles do service work on an automobile 
at each passenger seat, controllableby refrigerating system, 
the passenger. 2 *, The method of installing the gauge 
Freon -12 refrigerant is used, manifold is similar to procedure de- 
scribed in Chapter 11, Always clean 
the connections before removing any 
caps or plugs. The service valve stems 
must be back seated to seal the gauge 
openings. The gauge manifold and lines 
must be absolutely clean and dry both 
inside and out. Never use a manifold 
set that has been left opentothe air, 
For personal safety, always wear 
goggles when working onthe refrigera- 
tion unit or with the cylinders. Avoid 
breathing any escaped refrigerant. Al- 
though the refrigerant is virtually 


127-26. A picture of the use of a halide torch to detect harmless, excluding oxygen is danger- 
refrigerant leaks on an automobile air conditioning ous 


(Pontiac Motor Pa Eaa Motors Corp.) Always attach a gauge manifold to 
the system before attempting to service 

27-18. SERVICING AUTOMOBILE it. Compressors are fitted with gauge 
AIR CONDITIONING openings at both the suction service 


valve and the discharge service valve. 

Servicing the automobile air con- After installing an air conditioning 
ditioner is very similar to servicing system on a car, an auxiliary electric 
tandard air conditioning systems, driven compressor should be used to 
commercial systems, and coventional pump the system down and to charge 
domestic systems. Chapter 11 shouldbe it. The system should be held under a 
Studied thoroughly before attemptingto high vacuum for 24 hours at room 
temperature before charging. Fig. 27- 
25 illustrates a gauge manifold, vacuum 
pump and charging cylinder connected 
to an automobile air conditioning sys- 
tem. Always refer to the manufact- 
urer’s service manual for information 
concerning the amount of refrigerantto 
be charged with a particular system. 
Use gauges to check the operating 
pressures, Low head pressures in- 
dicate lack of refrigerantin most cases, 
Check for leaks thoroughly cach time 
the unit is serviced. See Fig. 27-26. 

It is important to remember that 
good tools and careful use: of these 
tools are very important. Because the 
27-27. The correct way to loosen or tighten a flare unit. refrigerant lines are easily twisted, 


The flare nut wrench only should be moved. The open two wrenches should always be uséd 


end wrench is to keep the adapter fitting from moving ) . r ’ — 
ora leak may be started. when loosening or tightening connec 
(Pontiac Motor Div., General Motors Corp.) tions, Fig. 27-27. 


Í 


663 


MODERN REFRIGERATION, AIR CONDITIONING 


27-19. DOUBLE FLARE 


Most automobile air conditioning 
systems use flexible refrigerant lines. 
These lines are fastened to the com- 
pressor, condenser, and cooling coil 


27-28. A flaring tool used to make the double flare 
which is the most common one used on automobile air 
conditioning refrigerant lines. 

(Imperial Brass Mfg. Co.) 


by means of the double flare joint. Fig. 
27-28 shows the tools used to make this 
flare and the diagrammatic views of 
the flare being formed. 


27-19. REVIEW QUESTIONS 


1. Does the heat load increase or 
decrease as the automobiles 
speed increases? 

2. How are the engine mounted 
compressors driven? 

3. Where is the condenser mount- 
ed? 


4, What type of line connections 
are used in these units? 

5. Are the systems provided with 
gauge connections ? 

6. What kind of a fan motor is 
usually used? 

7. Why is air distribution an un- 
usual problem inthe automobile? 

8. Do the automobile comfort cool- 
ing units have afresh airintake? 

9. What is the maximum capacity of 

an automobile comfort cooling 

unit ? 

How much power does the com- 

pressor absorb from the engine? 

11. Why is slugging more likely in 
the engine driven compressor 
unit ? 


10. 


12. What refrigerant controls are 
used onautomobile comfort cool- 
ing units ? 

13. Where is cooling coil usually 
located? 

14. What type filters are used? 


15. At what speeds do the engine 
mounted compressors operate 


compared to the engine speed? 


27-21. OPERATING DATA 

A typical automobile air condition- 
ing system will cool an automobile 
which has been standing in the sun, and 
is 110°F, down to 85°F inabout 10 min- 
utes; then down to 72°in40to 60 min- 
utes. 

Some ‘systems use 100% fresh air 
while others use anywhere from no 
fresh air (all recirculated) to 25% 
fresh air. 

The fans use approximately 200 
watts and deliver from 250 to 275 cfm. 
Air scoops or rams may be used toin- 
crease the air flow. 
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“. Chapter 28 


FROZEN FOOD 
REFRIGERATORS 


’ Frozen foods refrigeration has 
Zrown rapdily in the last few years. 
This field of quick or fast frozen foods 
aas touched all consumers; it has 
caused the development of new types of 
domestic and commercial equipment, 
nd it has presented new problems in 
design, use, and servicing of frozen 
food equipment. The use and servicing 
of domestic and small commercial 
equipment necessary to quick freeze 
foods and store these foods will be 
Studied in this chapter. 
28-1. HISTORY OF FROZEN FOODS 
Man’s effort to preserve foods so 
that no change in flavor, aroma, or 
texture takes place, dates back many 
years, but it has been only in the last 
Tew years that this dream could actually 
be accomplished and controlled. At the 
close of the 18th Century, carcasses of 
goes frozen during the Glacial 
period were discovered and frozen flesh 
from these animals was still in a good 
State of preservation. In our own coun- 
try, the Early Americans froze pies, 
puddings and meat for future use during 
the winter. Perishable foods were first 
frozen commercially in the United 
States about 1875. By 1890, mechanical 
refrigeration was adopted to freezing 
foods but only on large applications of 
cold storage. These processes are now 
known as slow frozen foods. A retail 


line of packaged frozen foods first 
appeared on the market in Springfield, 
Mass., in 1930. Its growth has been 
accelerating ever since. The home 
freezer and the domestic storage cab- 
inet of the present design dates to just 
prior to World War II, about 1939. It 
is now possible with our latest develop- 
ments to freeze foods at any time and 
store them for fairly long periods. 


28-2. ADVANTAGES OF FROZEN 
FOODS 


The advantages of frozen foods are 
many and varied. Probably the most 
important advantage is that it provides 
the opportunity to preserve a food 
supply for long periods without ser- 
iously affecting the taste, aroma, or 
texture. Frozen foods allow the eon- 
sumer to purchase in larger quantities 
and in season, thereby saving money. 
It allows the farmer to freeze his sur- 
plus foods and to hold them until needed. 
Frozen foods offer the housewife a 
method of preparing foods in quantity 
and ahead of demand, thus actually 
reducing her work. Christmas dinner 
may be prepared in October and taken 
from the freezer Christmas morning 
for final preparation. 

Biologieally, no other form of food 
preservation can compare with fast 
freezing and then storing at low tem- 
peratures (below 0 F.) Research has 
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indicated that micro-organisms (bact- 
eria, yeasts, and molds) suspended in 
water, frozen, and stored at freezing 
temperatures (15 F. or below) are soon 
killed. Enzymes (catalase and others) 
which cause food spoilage, are con- 
trolled more by low temperatures than 
by any other form of food preservation. 
Enzymes tear down tissue during stor- 
age periods and theiractivity is doubled 
for each 18 F.increaseintemperature. 
They are responsible for the respiring 
of fruit and vegetables. Blanching does 
much to minimize enzyme action, Thus 
for storage at 50 F. the enzyme re- 
action is theoretically eight times the 
reaction rate for -4 F. Research in- 
dicates that to preserve some foods for 
long periods (one year or more) the 
temperatures must be held well below 
0 F. (-20 F. or lower for best results). 
Meat, poultry, and fish have im- 
portant collodial changes that must be 
minimized, and low temperatures are 
an aid in minimizing this action. 
Commercial frozen food must be 
of good quality, must be carefully 
prepared for freezing, and it must be 
kept at low temperatures all the time 
until it is made ready forconsumption, 


28-3. MICRO-ORGANISMS 


There is some difference of opinion 
on exactly what happens to foods when 
they are frozen, and what the scientific 
explanation of frozen food preservation 
is. However, it is generally accepted 
that the freezing destroys or makes 
dormant most of the micro-organisms. 
These organisms are extremely small, 
live cells that exist in all foods. 
Bacteria are one common form of 
micro-organisms as are molds and 
yeast. 


28-4. ENZYMES 


Enzymes are those miniature part- 
icles of matter that exist in all food 


substances. 
by fast freezing, but their increase is — 
minimized by the low temperatures, | 
They seem to serve as catalytic agents 
or as stimulants of organic change, 
They are destroyed by pasteurization, 


28-5. COLLOIDS 


Colloids are peculiar to meats, i 
They are miniature cells in meats, f 
fish, and poultry. If they are abused f: 
in any way, such as cell disruption, f 
the food quickly becomes rancid. They | 
seem to be containers or capsules and {f 
if this shell is ruptured the food 


rapidly deteriorates. 


j: 

ICE CRYSTAL FORMATION i: 

k 

Fast freezing produces exceedingly ° 
small ice crystals, whereas slow freez=- 

ing gives time for larger crystal {| 


28-6. 


28-1. A freezer cabinet liner in which the cooling coils 
are attached directly to the outside of the liner surface. $} 
(Kold-Hold Mfg. Co.) | 
growth. The larger the ice crystals the 
more the cell walls are ruptured, and 
the more the salts are concentrated. (1 
l: 
28-7. VEGETABLES k 


Vegetables that are usually cooked’! 
prior to serving are very successfully 
preserved by fast freezing, provided) 
they are scalded first. Vegetables”: 
usually eaten in their raw state cannot) ) 
as yet be successfully frozen. Thef. 
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scalding action preserves color, tex- 
re, and the vitamin content. It min- 
izes the enzyme action, 


-8. FRUITS 


Sugar solutions give protection to 
“ozen fruits and therefore practically 
l are put in a Sugar solution prior to 
-eezing. These fruits rapidly discolor 
pon being unfrozen (oxidation) and 
ust be consumed immediately (2 hours 
piless). 


-9. MEATS, FISH, POULTRY 


The three major items to guard 
gainst are drying (freezer burn), ran- 
idity (oxidation of the fat tissue), and 
iscoloring (oxidation of other muscle 
ssues). 
-10. ICE CREAM CABINETS 

One of the earliest types of cab- 
ets used for home storage of frozen 
od was the ice cream cabinet de- 
ribed in Paragraph 18-15. This cab- 
et was easily adaptable to frozen 
od storage, because the normal tem- 
rature range for ice cream storage 
; 0 F. to 10 F, There was little need 
> change any of the construction, and 
aly slight changes in motor control 
sttings were needed. 


EARLIER FROZEN FOOD 
CABINET DESIGNS 


-11. 


When frozen foods started to appear 
nthe market in volume, several com- 
anies produced special frozen food 
abinets. One of the first among these 
as the ‘‘Deepfreeze’’ produced by 
otor Products, Inc. This designwasa 
ound cabinet type, opening from the 
yp and sold either as a single cabinet 
r double cabinet type. It was a self- 
ontained unit with the condensing unit 
gilt in the base of the cabinet. The 


REFRIGERATORS 


other early makes were very similar 
to those produced now with the excep- 
tion of the refrigerant control and the 
condensing unit. The earlier models 
used thermostatic controlled expansion 
valves and open-type condensing units. 


28-2. A freezer cabinet using refrigerant plates. 


(Kold-Hold Mfg. Co.) 


28-12. INSULATION 

The early frozen food cabinets used 
about four inches of cork insulation. 
Insulating materials have varied 
through the years until now the mater- 
ial used must not absorb moisture, 
should reflect some heat, must be fairly 
inexpensive, As in all refrigeration in- 
sulations, the properties of being non- 
settling, low weight, low cost, vermin- 
proof, moisture-proof and non-hydro- 
scopic are desirable. 


28-13. CABINET CONSTRUCTION 


The modern freezer cabinct is con- 
structed of stee! with welded, sealed 
external shell seams to prevent the 
entrance of moisture. The outer wrap- 
per is formed from one piece of sheet 
steel with a vertical seam located in 
the back. The bottom is cut and formed 
and then welded to the sides and ends. 
Reinforcement plates are frequently 
fastened to the inside of the outer wall 
increasing the rigidity. Several 
use a stamped or 


for 


companies steel 
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angle iron frame. The outside is usually 
finished with a coating of baked enamel. 

The inside liner is made of aplated 
piece of steel, copper, or aluminum to 
prevent corrosion, It is usually welded 
into a moisture tight tank. The tubing 
for the refrigerant is then attached to 
the outside of the inner liner. One form 
of a special liner is shown in Fig. 
28-1, where refrigerant passageways 
are an integral part of the liner. 
Another method is to use an inner tank 
without refrigerant surfaces and install 
refrigerated plates inside the liner. 
This method is popular in the larger 
cabinets. Fig, 28-2. In all the cabinets 


28-3. The external steel shell is seamless and the inner 
lining is the cooling coil. Note how the insulation takes 
up all the space available. 

(Kelvinator Div., American Motors Corp.) 


the separate liners are assembled, and 
the space between them and the outer 
wall of the cabinet, usually 4 to 5 
inches, is packed with an insulating 
material, Fig. 28-3. 

The top edge is covered with a 
plastic or metal strip, and all joints 
are sealed against moisture. The lidis 
usually constructed of steel, and the lid 
is usually made air tight by using soft 
synthetic rubber gaskets. Some units 
use an electrically heated resistance 
wire at the door or lid joint to prevent 
moisture from freezing the door shut. 
The condensing unitis generally mount- 


i 
ed in the bottom or end of the cabinet, 
making it a self-contained unit. 


28-14. FAST FREEZING 
TEMPERATURES 


The fast freezing temperature de- 
pends on the freezing method usec 
and varies from -50 F. to -20 F, The 
indirect immersion method where the 
food is placed in containers and ther 
submerged in a brine uses a tempera: 
ture of approximately -45 F. to -50 F 
One method of pumping refrigeran| 
through a tube inserted in poultry 
freezes them rapidly using a -30 F. tr 
-50 F. temperature. Freezing ina re 
frigerated room at temperatures only 
slightly below freezing with only mod: 
erate air circulation cannot properly br 
termed fast freezing, but is known ai 
‘‘sharp’’ freezing. Higher velocity ai 
blasts (up to 2000 ft./min.) are ver 
successfully used for fast freezing. 


FROZEN FOOD 
TEMPERATURES 


28-15. 


Zero to -10 F. is accepted as tF 
best storage temperatures for mos 
frozen foods. These temperatures ar 
practical for the owner of a freeze 
who must store all of the variov 
foods in one cabinet. These tempera 
tures are also used in most locke 
plants. The larger warehouses at 
equipped to store different foods 3 
different temperatures best adapted t` 
prolong the safe storage period fo 
each different food. 


28-16. PREPARATION OF FOOD FOR 
FREEZING i 
ht 
The most important stepinfreezin l 
food is to freeze only the best qualit 
foods and to pick those varieties 
fruits and vegetables that freeze th 
best. Freezing will preserve good quai 
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ty, but it will not make good quality 
oods out of bad. 
x 


z a 
28-17. PREPARING VEGETABLES 


Vegetables must be thoroughly 
cleaned and prepared as if they are to 
be served at once. They must be blanch- 
d in boiling hot water for a definite 
eriod to preserve natural flavor, tex- 
ure, color, and food value. Blanching 
(scalding) is necessary to stop the 
action of enzymes (Paragraph 28-4). 
After blanching, cool the food in cold 
nning water or ice water at once and 
ackage it in small packages made of 
oisture-vapor proof materials. There 
re several kinds of these containers 
n the market to meet the various needs 
f the consumer. Freeze the food as 
oon as possible at lowtemperatures of 
10 F. to -20 F. 


28-4. A combination freezer and refrigerator. 


(Ben-Hur Mfg. Co.) 


28-18. PREPARING FRUITS 


When freezing fruits, speed is very 
mportant as fruit loses flavor and 
lolor rapidly. Apples are the only fruit 
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which need blanching while all the 
others do not. Fruits may be packed in 
syrup, dry sugar, or without sugar. 
Pack the fruits in containers of proper 
size for use later, and then freeze it. 
Frozen fruits discolor rapidly upon 
melting and only immediately consum- 
able quantities should be frozen in a 
package. 


28-19. PREPARING MEATS 


The freezing of meatis very simple, 
requiring only that it be cut in pieces 
Suitable for table use, packaged in 
moisture-vapor proof covering and then 
frozen. Freeze the meat as quickly as 
possible to retain the best flavor and 
quality. Wild game and poultry may be 
frozen just like beef. 


28-20. PREPARING 
MISCELLANEOUS FOODS 


Many other foods may be frozen, 
and the preparation is simple in most 
cases. Simply prepare the food as you 
would for immediate consumption, 
package in an appropriate container 
and freeze. The list includes cooked 
dishes, sauces and dressing, soups, 
melons, dried fruit, packaged foods, 
cereals, pies and pastrics, bread and 
rolls, lunches, desserts and salads, 
and leftovers. Bread may be freshened 
by freezing it and will stay fresh 
indefinitely in the freezer. 


28-21. STORAGE TIME FOR FROZEN 
FOODS 


The storage time for frozen foods 
is influenced by many factors such as 
storage temperature, type of container, 
condition of food when frozen, and the 
kind of food. Fruits and vepetables may 
be stored from season to season with 
little loss in flavor or color. 
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28-22. FREEZER BURN 


The air in a freezer is relatively 
dry and unless foods are packed in a 
moisture-vapor proof container, there 
will be a steady loss of moisture from 
the food, After periods of only two or 
three months light gray spots or areas 
will appear on the surface of meats and 


these spots are known as ‘‘freezer 
burn.’’ It is caused by a loss of 
moisture (drying or _ dessication). 


Freezer burn may affect all foods, but 
the indications of it will vary. Freezer 
burns may not injure the food value or 
taste of a food. Proper packaging will 


28-5. A chest type freezer. The condensing unit is 
located in the left end. 
(The Coolerator Co.) 


eliminate the danger of this condition, 
particularly if in packaging, all of the 
air is expelled, and a vapor proof 
container is used and thoroughly seal- 
ed. 


28-23. FROZEN FOOD SYSTEM 
CAPACITIES 


Frozen food system capacities vary 
from the small kitchen size storage 
unit to the large storage warehouse 
where tons of frozen foods are stored. 
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A small kitchen cabinet unit on the 
market has a capacity of 3.2 cu. feet 
and is ideal for the average size kit- 
chen. Most domestic refrigerators have 
small size frozen foods space in com- 
bination with the regular refrigerator 
storage space. See Fig. 28-4. The latter 
are known as dual-temperature boxes. 
The next common size is a 5 or 6 
cubic foot cabinet either of the chest 
or upright type. These cabinets are 
manufactured for use in the utility 
room or basement, Other storage and 
freezing cabinets vary from 6 cubic 
feet up to 60 cubic feet for farm use, 
A small locker plant might have as 
many as 200 or more lockers, Some of 
the larger ones contain over a thousand, 


28-24. LIFT TOP CABINETS 


The lift top cabinet is known com- 
monly as the chest type. Its big ad- 
vantage is a minimum loss of cold air 
when opened. See Fig. 28-5. This type 
of cabinet is the one described under 
Cabinet Construction. It is not quite as 
convenient to put food into or to re- 
move food from, but otherwise it is the 
preferred cabinet and many of the 
freezers made up-to-date have been of 
this construction. 


28-25. VERTICAL TYPE CABINETS 


The upright type combination freez- 
er and household refrigerator is now 
in common use. Some of the manufac- 
turers since World War II have madea 


cabinet which contains several enclosed 
sections. These sections are construct- 
ed of drawers, or they have fixed’ 
shelves with a door in front of each’ 
section. These freezers are made for 
use in the kitchen along with a regular’ 
refrigerator. The shelves are usually 


freezer twin to this type g 


x 


made of flat refrigerant coils, Fig. 


28-6. They are easily accessible but 
their cost of operation may be a little 


| 


j 
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igher due to loss of cold air spilling 
out when the outside door is opened. 
Also, these upright freezers tend to 


means to enable the cabinet to be 


locked, The doors are made of pressed 
steel and are insulated with from 2to4 


gather frost more rapidly than the 
chest type. The vertical freezer cab- 
inet is gaining in popularity in the 
commercial field, Fig. 28-7, 


28-7. A commercial design upright food freezer. 
(Ryan Electronics Inc.) 


inches of insulation. They are her- 
metically sealed at the factory. The 
common gasket used is the balloon- 
type live rubber gasket such as used on 
domestic units. 


28-6. An upright frozen foods cabinet. 
{International Harvester Co.) 


| 28-26. HINGES, LATCHES, DOORS, \ 
AND GASKETS 


| The upright models of home freez- \ 
lers have hardware similar to the 

|Standard domestic refrigerator. The - 7 
‘chest type, however, has hardware tary 
with some Special features. The hinges 

are usually provided with coil springs % 
Which will hold the cover in any set 
position between 5 degrees open, up to 
90 degrees open. The springs also 
counter balance the weight of the door 
)So it may be raised with a minimum of 
jeffort. See Fig. 28-8. The latches are 
usually made of chrome-plated brass 
and are of fairly heavy design. They are 
generally provided with a hole through 
|the handle and striker or some other 


28-8. A chest type freezer. Note the hardware, the 
condensing unit space and the location of the controls 


Bow Hur Mig 
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28-27. HERMETIC INSULATION 


The problem of moisture gettinginto 
the insulation (Paragraph 28-12) seems 
to have been eliminated by the process 
of hermetically sealing the outer por- 
tions of the cabinets and doors against 
the entry of moisture laden air. There 
are several methods of accomplishing 
this result of sealing, but briefly it is 
a process of welding the cabinets into 
sealed containers after the insulation 
has been put in. The welding is done in 
a place where humidity has been re- 
duced to a minimum. The interior must 
be dried as thoroughly as possible 
before it is sealed to eliminate resident 
or residual moisture as much as pos- 
sible. If the cabinet is not thoroughly 
sealed, ice will eventually form in the 
insulation causing severe sweating and 
may even destroy the cabinet. It is 
more important that the outer shell be 
sealed than the inner shell as any outer 
shell leak produces an accumulation of 
moisture in the insulation, while an 
inner shell leak will remove moisture 
from the insulation. In servicing freez- 
ers, it is sometimes necessary to re- 
move and install all refrigerant, motor 
control, and thermometer lines which 
pass through the cabinet insulation. It 
is very important that such openings 
be thoroughly sealed with a plastic 
sealer immediately after the repairs 
have been completed, otherwise such 
openings will soon allow moisture to 
collect in the insulation. 


28-28. COOLING COIL DESIGN 


The three coil designs widely used 
are the tank coil (Fig. 28-1), the plate 
coil (Fig. 28-2), and the blower coil 
used in larger units. Most of the 
chest type freezers use the tank or 
liner type coil. Some of the chest 
types and all of the upright types use 
a plate coil, and large units use a 
combination of plates and blower coils. 


28-29. REFRIGERANTS AND 
REFRIGERANT CONTROLS 


Refrigerants for freezers should be 
capable of giving the desired low tem- 
peratures, -10F. to -20 F., with a low 
side pressure of approximately atmos- 
pheric. The high side pressure should 
not be excessive. The gas volume 
pumped must be small in order to keep 
the size of the compressor at a min- 
imum. For instance, if sulphur dioxide 
were used as a freezer refrigerant, 
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28-9. A typical freezer alarm system. This is a battery 
operated unit and is independent of electrical power 
failure. It must be connected to a thermostat or to a 
special unit thermostat. The batteries are good for 50 
hours or 12 months idle time. It has both a sound and 
a visible indicator. 
(Kelvinator Div., American Motors Corp.) 


the compressor would need to be much 
larger than the compressor now inuse. 

The two most common refrigerants 
which meet freezer requirements are 
Freon -12 and Freon -22. See Para- 


f 


graph 8-7 and Paragraph 8-9 forchar= 


acteristics of these refrigerants. 
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w 
The small modern frozen foods 


cabinets usually use a capillary tube as 
a refrigerant control, For a description 
of this control see Paragraph 5-19. 
Some units employ a thermostatic ex- 
pansion valve as the refrigerant con- 
trol. See Paragraph 5-6 fora discussion 
of this valve. Older cabinets may be 
found with a low side float valve, but 
these are no longer produced. Some 
experimenting has been done using high 
side floats. 


28-30. MOTOR CONTROLS 


Home and farm freezers usually 
employ a thermostatic motor control 
designed for the lower temperature 
setting but otherwise identical to the 
domestic refrigerator type. These con- 
trols are explained in Paragraphs 6-8 
and 6-10, 

The larger farm freezers and locker 
plants use a thermostat and solenoid 
combination to control box tempera- 
ture and a pressure motor control (see 
Paragraphs 19-31, 19-32, and 19-41) 
on the condensing unit. The thermostat 
in the box or room operates a solenoid 
valve in the liquid line so that, when 
the cabinet or room reaches the desir- 
ed temperature, the refrigerant flowis 
Shut off, this causes the low side 
pressure to drop and the pressure 
motor control to stop the condensing 
unit. When low side pressure has been 
reduced sufficiently, the pressure 
motor control on the condensing unit 
shuts the unit off. A more constant 
cabinet temperature can be maintained 
with this type of hook-up. 


28-31. ALARM SYSTEMS 


Because a frozen foods cabinet may 
‘contain food worth a great deal of 
“money, and a rise in temperature 
‘}would cause considerable spoilage, 

some device is usually provided to 


protect the consumer in case the unit 
fails. There are several makes of 
alarm systems on the market, but 
basically they are all similar. They 
consist of a control bulb suspended 
inside the cabinet which is connected 
to a mechanism that operates a light, 
a bell, or a buzzer, 


A source of electrical power com- 
pletes the system. The source of power 
may be batteries, Fig. 28-9, or a 
transformer may be connected to any 
other electrical circuit in the house 
except the unit circuit. 


When the freezer temperature 
rises, it causes the control to close 
and complete the electrical circuit, 
which causes the light to operate orthe 
bell or buzzertoring. The alarm should 
start to operate when the compartment 
reaches 15 F. The alarm control bulb 
should be located near tne food that 
would become warm first. If the type 
requiring 110 volts is used, it should 
be connected to a different fused cir- 
cuit than the one operating the unit. If 
the battery type is used, the batteries 
should be checked at frequent intervals 
to ascertain their charge. 


A wiring diagram of a 6-volt alarm 
system connected into the regular wir- 
ing system is shown in Fig. 28-10. The 
combination thermostat andalarm con- 
trol will cycle the control, but if the 
unit will not start or ifthe temperature 
continues to rise the alarm circuit is 
closed. The control switch is used to 
eliminate the cycling control during 
freezing operations (control is moved 
to the left), When normal cycling is 
desired this control switch is moved to 
the right. If the control switch is left 
open, it will indicate red. 


It is important to remember that a 
well-filled frozen food cabinet will 
maintain safe temperature for 48 to 72 
hours after the unit fails, and also dry 
ice can be used as the cooling agent 
until service can be resumed, 
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28-10. The wiring diagram of a 6 volt alarm system. The thermostat also includes the alarm switch and the 
alarm bell will ring if for any reason there is an excessive temperature rise. 


(Philco Corp.) 


28-32. DEFROSTING 


Frost will slowly form on the cold 
walls of a freezer which must be re- 
moved when it interferes with the use of 
the cabinet or the closing of the lid. A 
freezer normally needs to be defrosted 
only once or twice a year. Use a 
wooden paddle or a fiber brush to re- 
move the frost. Be careful not to 
scratch or otherwise damage the inside 


28-11. A wire basket arrangement for a chest type 
freezer. 
(Hotpoint Inc.} 


surface of the cabinet. When a more 
complete defrosting job is required or 
desired, select a day when the food sup- 
ply in the cabinet is low. Wrap all 
the food in newspapers or packitindry 
ice, and then proceed to defrost the 
cabinet by shutting off the power and 


washing the inside with baking soda | 


and water. The inside of the cabinet 
must be thoroughly dried before start- 
ing the unit. Replace the food only after 
the cabinet temperature is below 32 F. 


28-33. SECONDARY DOORS 


Secondary doors are those doors 
on each individual inner compartment 
of an upright type frozen foods cab- 
inet. 


collection. These doors are usually 


glass, or plastic. 
28-34. SHELVING 


Shelving in a chest type freezer 
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Such doors prevent the spilling ` 
out of cold air from the other com- — 
partments and they minimize frost — 


spring operated and are made of metal, — 
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28-12. A freezer cabinet refrigerating unit (condenser arrangement). 
(Kelvinator Div.. American Motors Corp.) 


models consists of from 4 to 6 re- 
frigerated shelves made intoindividual 
compartments complete with individual 
doors. In locker plants tiers of drawers 


‘onsists of wire baskets at the bottom 
f the compartment. Fig. 28-11 shows a 
pical example of the chest type ar- 
‘angement. Shelving in the upright 
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form the lockers. In most cases the 
shelving used in freezers is part ofthe 
cooling coil. 


28-35. CONDENSING UNITS 


Home and farm freezers employ 
various types of condensing units. The 
small home freezer usually has a her- 
metically sealed condensing unit. For 
complete information on this type of 
unit, refer to Chapter 16 and 17. 
Kelvinator employes a rather unusual 
condensing unit arrangement as shown 
in Figs. 28-12 and 28-13. The con- 
denser for this unit is mounted just 
inside the outside shell and is of the 
plate type. The larger home freezers 
use the conventional open type con- 
densing unit. Another type being used 
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28-13. The wall construction of the Kelvinator freezer 
showing the condenser coils (left side) against the outer 
wall of the cabinet. 

(Kelvinator Div., American Motors Corp.) 


on some freezers is a semi-hermetic 
unit. One of these is the Copelamatic 
shown in Fig. 28-14. The condensing 
unit of a frozen food unit must be about 
50% larger for the same volume cabinet 
as the typical domestic refrigerator. 
This increase in size is mainly due to 
the low suction pressure causing the 
suction gas to occupy more volume and 


28-14. A sealed compressor unit for freezers. This unit 
is a bolted assembly. Note the service valves and motor 
terminals. 

(Copeland Refrigeration Corp.) 


the greater difference between the 
suction pressure and the condenser, 
pressure. Fig. 28-15 illustrates a 
smaller unit using a static condenser, | 


28-36. COMPRESSORS i 
Freezers are manufactured using, 
the reciprocating and rotary compres: 
sors. Some models have sealed com: 
pressors; others use open-type com*: 
pressors, A small hermetic compres: 
sor is shown in Fig, 28-16. Note thr 
motor protection devices andthe start 


28-15. A sealed unit with a natural convection col | 
denser. 
(Tecumseh Products Co.} 
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28-16. The internal design of a ve 

ressor: S. Stator; R. Rotor; O. Crankshaft; X. Cylinder; 

>. Condenser connection; A. Suction line connections. 
(Tecumseh Products Co.) 


compact com- 


ng relay on the right (AA, AB, and Z). 
A hermetic compressor used in larger 
systems is shown in Fig. 28-17. For 
information on various compressors, 
see Paragraph 4-17 for rotary; Para- 
graph 4-4 for reciprocating types. 


28-37. MOTORS 


The types of motors used on freez- 
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128-17. A high capacity hermetic compressor unit. A. 
Suction service valve; B. Discharge tube; C. Exhaust 
valve; D. Piston. 

(Tecumseh Products Company) 


ers can be divided into two groups. 
The sealed-type condensing unit uses 
an induction motor witha starting wind- 
ing operated by a relay. For more 
information on induction motors con- 
sult Chapter 7. 

A small fan motor is sometimes 
used to increase the air flow over the 
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28-18. A wiring diagram of a frozen foods refrigerating 
unit... Note the relay, terminal block, and the warning 
the special thermostat. 


(Carrier Corp.) 
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28-19. A wiring diagram of a frozen foods unit and 

cabinet. A mercury switch completes the lid light circuit 

when the lid is lifted. The signal light is energized while 
the unit is running. 


(Franklin Mfg. Co.) 


condenser, and ít is also of the in- 
duction type. 

The other type of motor widely 
used on conventional condensing units 
is the capacitator type. For more in- 
formation on this motor, also consult 
Chapter 7. Fig. 28-18 illustrates a 
complete wiring diagram for a her- 
metic type frozen food cabinet. Note 
how the warning light is energized by 
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a thermostat built into the same de- 
vice that controls the cycling of the 
unit. 

A complete wiring diagram for a 
chest type frozen foods unit is shown 
in Fig. 28-19. Many of the cabinets 
use electrical heating elements topre- 
vent sweating and freezing at the door 
gasket joints. Fig. 28-20 illustrates 


a wiring diagram showing a drier coil 
(heater), an alarm system, the motor 
circuit, etc, 


28-20. Chest type frozen foods cabinet equipped with 
hermetic unit, forced convection condenser and service 
valves. 

(Frigidaire Div., General Motors Corp.) 


28-38. CONDENSERS 


The condensers used on freezers 
are the same as those found ondomes- 
tic refrigerators. This includes the use 
of the finned condenser, both forced 
and natural convection, and the plate 
condenser. On one model mentioned 


earlier, Paragraph 28-35, the conden- 
ser is mounted just inside the outside 
shell while others are placed with the | 
condensing unit. On larger units water- 
cooled condensers are used, Chapter 
I, 


28-39. RECEIVERS ( 


On many freezing units, particularly ` 
the older models, the conventional’ 
liquid receiver is used. The small 
home freezers today employing a cap- 
illary tube control do not have a sen 
arate part for a receiver, but the 
lower section of the condenser serves 
the Same purpose. 

It should be noted that in freezers 
using the capillary tube refrigerant 
control the greater portion of the liquidi 
refrigerant will remain in the cooling 
coils during both the running and off 
part of the cycle. | 


28-40. BELTS 

Many older models and some recent 
model condensing units use belts. For 
more complete information on belts, 
alignment and care, consult Chapter 7. , 


LIQUID LINES . 


28-41. 


f. 
The liquid lines are now practically" 


all connected by silver brazing. On 
capillary units, the liquid line is the 
capillary tube. These liquid lines are 
generally soldered to the suction line } 
for two to four feet for heat exchange, 
and they must be carefully mounted to 
prevent vibration rattles. 


28-42. SUCTION LINES È 


Because of the low temperatures, ` 
and because some refrigerants tend to ° 
frost back, it is sometimes necessary `° 
to use heat exchangers to warm the : 
return gas and it may also be necessary © 


to insulate the return line with sponge" 
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fubber to prevent sweating and drip- 
ping. Mount the suction line carefully 
to prevent vibration rattles, The suction 
line fittings are usually soldered, The 
openings into the cabinet where the 
lines must go to reach the cooling unit 
must be made air tight with some 
astic tape or ice will accumulate, 
ig. 28-21. 
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28-21. Details of condensing unit compartment for 


frozen foods cabinet shown in Fig. 28-20. 
(Frigidaire Div., General Motors Corp.) 


8-43. STARTING THE UNITS 


The first step is to see that the 
*reezer has been located properly for 
‘ree air circulation and that sufficient 
pace for opening of doors or lids is 
provided. The next step is to check the 
‘reezer electrical circuit. This circuit 
hould be a separate circuit starting at 
he main entrance panel, and it should 
ave no other appliances or switches 
sonnected to it. This precaution is 
equired by the electrical code in 


= 


many sections and should be followed 
in all cases, as any interruption of 
electric current might become very 
costly to the owner. To actually start 
the unit, plug it in to the outlet plug and 
turn the thermostat control knob to 
the ‘'On’' position. There are novalves 
to be opened on the smaller home 
freezers using sealed units. On other 
freezers, check the starting instruc- 
tions before turning the unit on. In all 
cases remove the shipping bolts that 
are used to hold the condensing unit 


CONDENSER 
fan MOTOR 


DUER LOOP 
———— GROUND 


COMPRESSOR 
| motoa 
QOQ 
aF 


e freezer wiring diagram. This system 
denser fan motor, alarm system, auto- 
and a drierloop. 

Corp.) 


28-22. Complet 
incorporates con 
matic light, 

[Frigidaire Div., General Motors 


during shipment. Carefully file away 
the warranty and operating instruc- 
tions, as these may be needed some- 
time during the 5 to 10 year warranty. 


28-44, CYCLING 


Cycling time on home and farm 
freezers can not be stated in any 
definite limits of time. Cycling time 
will vary depending on the amount of 
storage space being used, onthe outside 
temperature of the box, on the condi- 
tion of compressor, etc. Putting in food 
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to be frozen will also affect cycling 
time a great deal. In general, it can be 
said that it will run about one-third 
of the time. In other words it may run 
5 minutes and be off 10 minutes, or it 
may run 1 hour and be off 2 hours. 
The important point here is that any 
unusual change in cycling time should 
be investigated immediately, as it may 
indicate trouble developing in the sys- 
tem. 


28-45. SHUTTING DOWN FROZEN 
FOOD UNITS 


When shutting down the frozen food 
unit, special precautions should be 
taken toprevent rusting and to eliminate 
odors. After the electrical plug has 
been removed or the current shut off 
by a switch, allow several hours for 
the unit to completely defrost. When 
the defrosting is completed, remove all 
the excess water and wash the inside of 
the cabinet with a solution of baking 
soda and water. Thoroughly dry the 
inside of the box. A portable heater 
set inside the cabinet will speed up 
this step. Leave the doors or lids 


ajar slightly to allow circulation of 
air during the shut down period. 


28-23. Sealing the cabinet openings. A. Cabinet; B. 
Compressor; C. Condenser; D. Balanced door hinge; 
E. Motor control. 
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l 
28-46. UNIT TROUBLES i 
i 
Home freezers are subject to all 
the trouble that may occur in domestic 
refrigerators (Chapters 11 and 17) and 
in addition, due to the lower tempera- 
ture involved, there are a few new 
troubles, These include (a) ice forma- 
tion, (b) moisture in the system, and 
(c) wax separation inthe system. These 
will be covered in more detail in the 
following paragraphs. 


28-47. ICE ACCUMULATION 


Ice formation is a condition which 
will interfere with (a) the operation of 
the lid or doors, and (b) the running} 
time and temperature of the unit i 
sufficient accumulation of ice occurs} 
inside the box. Ice forming between thel 
outside and inside liners of the cabinet} 
in the insulation will cause consider-]} 
able trouble. | 

The first condition mentioned above} 
is usually caused by a leaky gasket} 
seal. It may be that the seal has lost? 
its life or is broken; in either case 
the rubber gasket should be replaced. 
The trouble may be that the hinges or} 
lock needs adjusting. A flat slip off 
paper inserted between the door anf 
the cabinet should be held tightly when} 
the lid is closed. If this paper pulls 
out easily, it means the gasket is not] 
tight, and the hardware must be adjust- 
ed and the gasket replaced. ' 

An excessive accumulation of ice in} 
the food storage space acts as insula-) 
tion and may result in poor cooling} 
down time for foods placed in the cab-} 
inet. 

Ice accumulation in the insulation 
is a more serious trouble as it in-f 
dicates an air leak in the exterior] 
cabinet seal allowing warm airtoenter} 
this space. The warm air being cooled¥ 
on contact with the inner liner gives up 
some of its moisture in the form of 
ice in the insulation or on the liner. If 


is condition is not corrected, enough 
ice will eventually build up to buckle 
the sides of the cabinets 

The only way to remedy this trouble 
is to remove the dry insulation, dry 
out the space between the liners, repack 
with dry insulation, and completely seal 
the two liners against the entrance of 
air. 

This ice accumulation is one of the 
main troubles occurring with impro- 
perly or carelessly constructed units; 
it also reduces the insulating ability 
of the cabinet, and the unit will run 
considerably more. 

An accumulation of ice in the in- 
sulation of a freezer will generally be 
ndicated by a cold spot on the outside 
urface of the freezer or by condensa- 
tion on the outside surface. Also, if 
she insulation is badly iced up, the 
ondensing unit may run continually. 
ced up insulation will melt and drain 
hen the freezer is shut down and 
llowed to warm up for several days. 


8-48. WAX IN THE SYSTEM 


All oils including those used in re- 
rigeration systems contain a small 
mount of wax. This presence of wax 
as presented a real problem to re- 
frigeration engineers ever since the 
sarliest low temperature cabinets were 
wilt. A small amount of oil circulates 
ith the refrigerant, and due to the 
udden expansion occurring at the orif- 
ce of the refrigerant control and the 
ow temperature and pressure at which 
his expansion occurs, a small amount 
f wax is separated from the oil and 
sollects in the refrigerant control orif- 
ce, It accumulates over a period of 
‘ime until the valve becomes restricted 
br clogged completely. The only remedy 
fter this clogging has occurred, is to 
remove the valve and clean it or to 
replace the valve. When servicing froz- 
ən foods equipment, be sure to use a 
horoughly de-waxed oil. 


FROZEN FOOD REFRIGERATORS 


For ordinary household and com- 
mercial refrigeration and incondition- 
ing service most refrigerant oils are 
Satisfactory. However, for service in 
food freezers, a completely de-waxed 
oil is necessary. 

Moisture in the system will formin 
the refrigerant control at the point of 
expansion, This moisture may be 
effectively removed by inserting a 
dehydrator in the liquid line. 


28-49. INEFFICIENT CONDENSING 


UNIT 


The efficiency of the condensing 
unit depends on several factors. Each 
one must be considered to determine 
which one is causing the unit to be 
inefficient. The compressor is the 
most important factor, and any one of 
several things may cause it to be 
inefficient. The most frequent reason 
is leaking compressor valves. A slip- 
ping belt may also cause acompressor 
to be inefficient. Worn pistons, piston 
rings (if used), and/or a worn cylinder 
bore may all cause inefficient pumping. 

The next most important factor is 
the condenser and air flow over the 
condenser. The condenser surface must 
be clean for highest efficiency, and 
enough clearance must be allowed 
around the cabinet for free movement 
of the air that passes over the con- 
denser. 

Another factor in an inefficient unit 
may be a faulty motor. All the various 
parts of the condensing unit must be 
checked carefully and put in perfect 
condition to get top efficiency from the 


unit. 


28-50. SERVICING FROZEN FOOD 
UNIT 


For servicing the open type con- 
densing units, refer to Chapter 11. For 
servicing hermetic units, refer to 
Chapter 17. The procedures vary great- 
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ly due to the differences in cabinet 
design and construction. However, 
some of the more common service 
pointers are as follows: during the 
overhaul or exchange of the refrigerat- 
ing unit, it is essential that the frozen 
foods be kept refrigerated. These foods 
will stay at a safe temperature in the 
cabinet for 48 to 72 hours after the unit 
is shut off. The service man can make 
a temporary frozen foods box from any 
available container and use dry ice to 
keep the food frozen. Rumpled news- 
paper makes a good temporary in- 
sulation. 

When dismantling a cabinet the tar 
(hydrolene) seals may be easily and 
neatly removed with a hot knife. Use 
this tar generously when resealing. 
The tar should be carefully melted ina 
double boiler with water in the outside 
boiler. The melting of the tar is an 
extremely dangerous operation so it is 
necessary to be very cautious. 

In case the unit has a bad thermo- 
stat, it is safe to connect the unit 
directly so that it runs continuously 
until a new thermostat can be obtained 
and installed. In this latter case, the 
owner can be instructed to shut the unit 
off for an hour every other hour ortwo 
hours, or allow it to run continuously 
as this will do no harm and willassure 
ample refrigeration, 

Whenever it is suspected that there 
is moisture or wax clogging the re- 
frigerant control, it is very important 
to keep the ice or wax locked in the 
control until the control is removed. 
This precaution will enable the service 
man to remove the wax or moisture 
from the system permanently. The 
simplest way to keep the wax or ice 
in the control is to pack the valve in 
dry ice until the valve can be removed 
from the system. The valve may then 
be warmed and the moisture or wax 
removed. 


28-51. 
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REVIEW QUESTIONS 


. List three advantages of frozen 


foods. 


. What was the date on which a` 


retail line of frozen foods first” 
appeared on the American mar- 
ket ? 


. What is caused by the action of 


enzymes? i; 


. What type of insulation is usedi 


in modern freezers? 


. List the steps for preparing 


vegetables for freezing. i 


. What is meant by hermetic in- 


sulation? f 
two refrigerant controli 
systems are commonly found on 
frozen food cabinets today? 


. How often should a freezer be 


defrosted? 

cubic feet home freezer 
would probably have what kind of 
condensing unit? 


. What is meant by freezer burn? 
. What is highest temperature at 


which beef might be stored for 6 
months ? 

is the best temperature 
range for any home freezer? 


. Most frozen foods cabinets use 


what kind of motor control? 


. Why is it important to have an 


open space around a freezer 
especially near the condenser? 
Which condition ofice accumula- 
tion mentioned in this chapter is 
the most serious? 

How does wax get ina refrigera- 
tion system? 

Give two (2) ways moisture may 
enter a system. 

What may be used to remove 
moisture from a refrigeration 
unit? 

What service jobs can be per- 
formed on a hermetic unit? 


29-1. VORTEX TUBE 

An interesting device that produces 
oth cold and heat is the vortex tube. 

Two tubes are connected at right 
angles to each other. One tube has a jet 
hich directs air tangential to the 
nner surface of the other tube, Fig. 
29-1. When room temperature air at 
150 psig is introduced at A, the tem- 
eratures of the exhaust air at B andC 
ay be as much as 200 F. different. 
he temperatures at C have been 
owered to -36 F. under certain con- 
itions. 


9-2. ELECTROLYTIC MOTOR 
STARTING CAPACITOR * 


Electric motor driven equipment is 
isually powered by single phase frac- 
ional horse power alternating current 
motors. The development and perfec- 
ion of economical high capacity elec- 
rolytic AC capacitors has made pos- 
sible the practical use of electrically 
efficient high starting torque capacitor 
motors. 

The capacity used for any motor is 
chosen to give the maximum starting 
torque. This is determined by the 
motor manufacturer. In the field, when 
he replacement of the capacitor is 
necessary, the replacement unit should 
have the same capacity as the original 

*Courtesy of Aerovox Corp. 


“. Chapter 29 


TECHNICAL 
CHARACTERISTICS 


unit, If the identification marks on the 
Original unit are lost, the service man 
must determine the proper sized unit 
to be used. 

The circuit diagram of a typical 
capacitor-start single-phase induction 
motor is shown in Fig, 29-2. The pur- 
pose of the capacitor is to produce a 
current in the starting winding which 
will produce a magnetic field that will 
combine with the main winding and 
produce a high starting torque. The 
current that flows in the starting wind- 
ing is determined by the voltage of the 
line and the design of the starting 
winding. 


Ie 


A 

A 
— —— iy 
6 7. ee NG ne i 4 


29-1. Producing refrigeration with the Vortex tube. 

If various size capacitors are used 
on a motor and the starting torque and 
voltage across the capacitor are meas- 
ured, a curve similar to that of Fig. 
29-3 is obtained. The torque rises 
rapidly, and, after reaching its max- 
imum value, slowly decreases, In the 
vicinity of the maximum value a fairly 
large change in capacity produces a 
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relatively small change in torque. This 
is advantageous, as the relatively wide 
tolerance in the capacity of the capaci- 
tor keeps the cost of the unit down. 
The voltage across the capacitor 
reaches its maximum value before the 
torque and then starts to decrease. 
Since the voltage across the capacitor 
is determined by the design of the 
starting winding and the line voltage, 
the voltage across the capacitor is a 
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29-2. Wiring diagram of condenser-start motor. 
(Aerovox Corp.) 


good indication of the proper size 
capacitor. 

Standard practice today calls for a 
maximum capacitor voltage of 138 volts 
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29-3. Capacitor voltage rise to Torque increase. 
{Aerovox Corp.) 


during the starting period fora 120-volt 
motor. This voltage lasts for a very 
short period of time, usually less than 
one second. Higher voltages, such as 


occur with undersize capacitors, will 
decrease the life of the capacitor 
markedly. The use of undersize cap- 
acitors will not prevent the motor 
from starting, but it will increase the 
starting time and the voltage across 
the capacitor. 

Since electrolytic motor-starting 
units are not continuous-duty units, the 
excessive voltages and starting period 
that occur with improper capacitors 
decrease the life of the unit. If the 
capacitor is too small, the torque pro- 
duced may be insufficient to bring the 
motor speed up to the point at which 
the centrifugal switch disconnects the 
capacitor from the line. Under such 
conditions the capacitor soon fails by 
drying out. The starting period should 
not exceed three seconds in a properly 
functioning motor. 

These capacitors are made for 
intermittent duty only, and are usually 
damaged by the failure of the associat- 
ed equipment. IT IS IMPORTANT, 
THEREFORE, TO DETERMINE AND 
ELIMINATE THE CAUSE OF CAPACI- 
TOR FAILURE BEFORE REPLACE- 
MENT, In addition, the replacement 
capacitor should be of proper capacity 
and voltage rating. The use of a wrong 
capacitor will usually result in rapid 
failure. For that reason, AC elec- 
troyltic capacitors are guaranteed as 
follows: 

I, 110-volt Capacitors 

(a) Starts-Heavy-Duty Capaci- 
tors 

(standard foil and papers), not 
more than 20 starts per hour, 
each start not over 1 second 
duration (except that not over 
100 times per year the cap- 
acitor may be on the line for 


periods not exceeding 10 
seconds maximum), Ultra- 
Compact (Capacitors (etched 


foil and reduced papers) not 
more than 20 starts per hour, 
each start not over 1 second 
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duration (except that not over 
50 times per yearthe capacitor 
may be on linefor peyiods not 
exceeding 10 seconds maxi- 
mum). 
(b) Voltage not in excess of 
125% of the rated voltage during 
any service period. 
(c) Ambient temperature notto 
exceed 130 F. 
(d) Damage - Capacitor shall 
not have been damaged after 
shipment by manufacturer. 
(e) Motor defects - Capacitor 
shall not have been subjected 
to abnormal operating condi- 
tions resulting from motor and 
associated defects such as: (1) 
defective or dry bearings; (2) 
sticky compressor; (3) tight 
belt; (4) defective centrifugal 
switch or relay; (5) improper 
adjustment of thermostat or re- 
frigerator valves. Before ap- 
plying capacitor, always check 
(a) centrifugal switch or relay; 
(b) easy turning of motor and 
compressor; (c) thermostat and 
valves, as a prerequisite ofthe 
guarantee. 
II, All other Voltages 

Same as for 110-volt capacitors 

except that the voltage applied to 

the units during any service per- 

iod may not exceed 10% of the 

rating. 

It is recommended that the ser- 

vice man should check the follow- 

ing points before leaving the job: 

1. Measure the voltage across 
the capacitor during the start- 
ing period. It should not exceed 
138 volts for 110-volt capaci- 
tors. For other voltage ratings, 
it should not exceed 110% of the 
nominal rating. If the voltage 
across the capacitor is higher 
than the limiting value given, 
it usually indicates a capacitor 
of too low capacity. 


2. Time the duration and fre- 
quency of the starting period. 
It should not exceed the limits 
given in the guarantee, If the 
start takes too long, either the 
capacity of the unit isincorrect 
- too high or too low - or the 
associated equipmentis defect- 
ive. Too frequent starts (over 
20 per hour) should not be 


allowed. It usually indicates 
some defect in the control 
equipment. 


3. Measure the temperature of 
the capacitor motor compart- 
ment. It should not exceed 130 


Es 
4. The container of the capacitor 
should be insulated from 
ground. 
AMMETER WATTMETER 
0-5-10 anec Low Pong ae nor 
ISAMA RUSE a 


i 
ciancuir sy 
BREAKER 


VARIAC 
TEST 


O O 
TEANIINALS 


105-125 V. 
A.C.SUPPLY 


29-4. Circuit diagram for measurement of pelle 
and power factor by the Ammeter-Voltmeter-W att- 
meter method. 

{Aerovox Corp.) 


Attention to these factors will gen- 
erally result in a satisfactory job. 
Electrolytic motor starting capaci- 
tors may be tested for their capacity 
and power factor by connecting themto 
AC of proper voltage, and reading the 
current and wattage of the unit, Fig. 
29-4. The capacity of the unit is then 
approximately 
C MFD = 159,300 I 
TIE 
amperes 
cycles p. sec. X V. 


Fig. 29-5 has been compiled to facili- 
tate computation of capacities at vari- 
ous voltages and frequencies. 
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The power factor of the capacitoris 
the measure of the loss of power in it. 
Capacitors of high power factor do not 
give as high a starting torque for a 
given capacity as those with a low 
power factor. For the same torque 
higher capacity should be used for units 
with high power factor, Capacitors with 


volts | volts 


Any freq. 


25 cycles 


60 cycles 


29-5. Capacity in microfarads of electrolytic motor 
starting capacitors. 
(Aerovox Corp.) 


a very low power factor may be readily 
made at a sacrifice of stability and 
life. As a result, a compromise be- 
tween all the factors involved produces 
the best overall performance. 

The value of power factor is given 
by the expression: 

Power Factor P= W x 100 
EI 

For the usual requirements in ser~- 
vice the wattmeter used should be 
capable of carrying about 10 amperes 
with a full scale of 150 watts. Such 
wattmeters are known as low power 
factor wattmeters and are generally 
specially made to order. 

Since the capacity of the unit is by 
far more critical than its power factor 
for satisfactory service, for most pur- 
poses the use of a voltmeter and an 


2 WATT NEON LAMP - eS 


Ñ 
NEN 2-6 AMP HEATING 7 
AG ELEMENTS, 
i CONNECTED IN PARALLEL 


TEST 
TERMINALS 


29-6. A.C. circuit for testing capacitor shorts. 
(Aerovox Corp.) 


ammeter is sufficient. | 

If a circuit breaker is not avail- l 
able, the capacitor should first be tested 
for a short, This can be done in several 
ways. The easiest method is to test the | 
unit on D.C, if a source is available, 
The capacitor is connected in series | 
with a 100-watt lamp across a 120-volt 
D.C, line. The lamp will light to full 
brilliancy when a shorted unit is con- 
nected across the line. A capacitor ' 
having high leakage will cause the lamp , 
to glow. This test for leakage has very 
little meaning, as any leakage that will 
cause a 100-watt lamp to glow is much i 
too great to be tolerated. The 100-watt j 
lamp can be replaced with a 20-watt ` 
lamp to give a better indication of 
leakage. A short can be determined 
on A.C. with the circuit shown in Fig. 
29-6. The neon lamp will light up when 
a shorted capacitor is tested. 


KNIFE SWITCH 


AMMETER 
O-S-40A. 


TEST 
TERMINALS 


“a 
an 
N 
[e] 
LE] 
So 


SWITCH POSITIONS 
VOLTAGE SWITCH POSITIONS 


29-7. A circuit used to determine capacitor sizes. 
(Aerovox Corp.) 


Another method of testing a cap-"* 
acitor for power factor does not re= ‘ 
quire a watt-meter but entails con-!: 
siderably more calculation. The cap- ° 
acitance is found, as before, from the 
current and voltage readings. To find 
the power factor, the effective or 
equivalent series resistance of the cap- 
acitor is found by the following method: | 
The capacitor is connected in the cir- 
cuit of Fig. 29-7, and a reading of the 
current and voltage taken with the knife 
switch open (E, and 14). Ifthe capacitor” 
is not shorted, the knife switch is 
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osed and another reading of the cur- 
rent and voltage taken (Es and I3). 

The capacitance is found from the 
second set of readings. Tò find the 
equivalent series resistance use is 
made of the following equation: 


E E 
1 2 
=) ee - R2 
I 
1 I, 
Re: 
2R 


E, and l} are the readings with the 
switch open and Evə and I2 are the 
eadings with the switch closed. The 
ower factor of the capacitor is then 
iven by the equation 

R 


e 


PERCENT P.F. - x 100 
Eo 


i 


No simple graph or chart can be 
nade for the calculation of the first 
əquation. If R is fixed, a family of 
survesS can be computed and used for 
1 more rapid calculation of the resis- 
ance but this does not save muchtime. 
For the average sized motor start- 
ng capacitor a resistance of 20 ohms 
s a satisfactory value. The exact value 
f the resistance is not necessary as 
he voltage drop across it canbe found. 
"he circuit can be so arranged as 
hown in Fig. 29-7, so that by pressing 
. series of 3 buttons the voltmeter can 
€ connected across the resistor, the 
apacitor and the line in any order 
esired. The current will be read on 
e ammeter as before. 

The avalent series a is 


2j = ER - E9 


1 
I, 


ER 


‘a 
1 and I, taken with switch open 
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Es and Ig taken with switch closed 
Ep is voltage across R 


With this sequence of measurements 
it is not necessary to make a separate 
short circuit test as the first reading, 
with the knife switch open, will be 
sufficient to indicate a shorted capaci- 
tor. When a 20-ohm series resistor is 
used, the current will be equal to the 
voltage divided by the 20 ohms if the 
capacitor is short circuited. Thus, if 
a 150-mfd. capacitor is being tested 
on a 120-volt line, the ammeter will 
read 4.5 amperes for a good unit and 
6 amperes for a shorted unit. If the 
unit is found to be good the readings of 
current and voltage are recorded and 
the knife switch closed. The readings 
of current and voltage are again re- 
corded and the computations perform- 
ed. A sample computation is given 
below. 


E} = 120 volts I, = 4.0amperes 
Ep = 80 volts Es = 120 volts 
Ec = 85.6 volts Ig = 5.6amperes 


To find the power factor the first 
and second sets of readings are used. 


(120) - (80)* = (120)? 
42 (5.6) 
Be 
(80) 
( 4) 
14400 - 6400 - 14400 
16 31.6 
OOOO O la 
2 x20 
8000 - 14400 
6 31.6 
ican ee 
40 
500 - 460 
— negra tl tae 
40 
Re - 40 - 1.0 ohm 
40 
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The power factor of this capacitor 
is then found from equation 


PERCENT P.F.=R,x100 =1 x 100 
E9 120 
I 5.6 


2 


zol x 100 = 4.7 PERCENT 

Cr 

Two methods are inuse to designate 
the capacity of capacitors; either their 
nominal value is given or the limits 
of capacity are listed. For the first 
case, the usual tolerance employed by 
most motor manufacturers is minus 10 
plus 20%, The second method fixes the 
lower limit by the value given. The 
upper limit, however, is generally 15% 
greater than the figure listed for the 
range. Frequently superior perform- 
ance is obtained in such cases with 
capacitors of somewhat higher cap- 
acity. 

Fig. 29-8 lists the capacitors usual- 
ly used for various sizes and types of 
capacitor start motors. 

Some capacitor-start motors may 
require capacitors other than those 
listed and if there is any question asto 
the correct rating of the capacitor, the 
exact value can be determined by the 
use of the Aerovox Model 85 capacitor 
selector. 


TYPICAL CAPACITOR RATINGS 
FOR CAPACITOR START MOTORS 


Motor Motor Capacitors 
Rating Speed Ratings 
Her. RPM MFD 
3450 
1/8 1725 75-84 
1140 
3450 
1/6 1725 89-96 
1140 
3450 
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1/4 1725 108-120 
1140 124-138 
3450 

1/3 1325 161-180 
1140 
3450 

1/2 1725 216-240 
1140 l 
3450 

3/4 & 1 1725 378-420 l 
1140 i 


29-8. Typical capacitor ratings for capacitor start 
motors. 
[{Aerovox Corp.) 


Because of the wide diversity in 
capacitance and voltage ratings for 
motor: starting and running oil cap- 
acitors, it is not practical to list the 
typical capacitors for different motor 
ratings. 


POWER FACTOR CONTROL 


In many cases it is possible te 
increase the power factor of a line by 
connecting power factor correctior 
capacitors across the motors on tha’ 
line. For this purpose oil-impregnater 
paper capacitors must be used. Fig 
29-9 gives the approximate total cap 
acity required for various size motors 
operating at 220-240 volts 60 cycles 
3-phase. These values can be used fol 
single phase 220 volt 60 cycle motors. 
When used for 3-phase motors one 
third of the capacity required is con- 
nected across each pair of lines, Fo 
single phase operation, the total cap: 
acity given is connected across the line 

In addition to the increase in line 
capacity, the uses of the power factol 
capacitors will improve the voltage 
regulation of the line especially on lon 
feeders. 

The use of capacitors across linet 
Supplying neon signs or fluorescen 
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CAPACITOR, POWER FACTOR, HORSE POWER TABLE 


a 
HP a 
3600 1800 1200 
1/2 20 
3/4 15 24 
1 15 21 24 
pale 15 21 36 
2 24 21 36 
3 24 24 51 
5 30 36 75 
Ti? 39 51 75 
10 39 60 84 


Speed in RPM 


900 720 600 
39 

36 

30 

54 

60 

75 

99 99 165 
165 201 eee 
165 175 250 


29-9. Approximate total capacity in mfds. required for power factor cor- 
rection of standard 220-volt 3-phase induction motors. Approximately one- 
third of the values given should be used across each phase. 


(Aerovox Corp.) 


tube lighting equipment will decrease 
the voltage fluctuations and flicker, due 
to sudden changes in load. In addition, 
use of capacitors will decrease to a 
certain extent the radio interference 
produced by these devices, 


CAPACITY - CURRENT - POWER 
FACTOR CHART 


Instructions for the use of capacity 
- current - power factor chart for 
electrolytic motor starting capacitors. 
See Fig, 29-10. 

1. To find the capacity of a cap- 
acitor from the current readings 
when the capacitor is connected 
across a 110-volt circuit draw a 
line vertically from the current 
scale to the line marked MFDS 
-scale A and read the capacity 
on the right-hand scale marked 
A. If the current drawn by the 
capacitor is greater than 4 am- 
peres use scale marked MFDS 
-scale B and read the corres- 
ponding capacity on the right- 
hand scale marked B, in the 
lower right-hand corner of the 
chart. The capacity can also be 
found by reading the capacity on 


689 


the scale marked C-C in the 

center of the chart. 

Example: To find the capacity of 
a capacitor which 
draws 2 amperes from 
a 110-volt line. 


From the point marked 
2 amperes on the cur- 
rent scale, draw a per- 
pendicular line to the 
scale marked MFDS- 
scale A. From the 
point of intersection, 
“X,” draw a horizon- 
tal line to the right and 
read the capacity, 48 
microfarads on scale 
A. The capacity may 
also read at the point 
«Y where the yerntic= 
al lime crosses the 
scale marked C-C. 


2. To find the power factor from 


the current and watt-meter read- 
ings, draw a horizontal line from 
the power scale on the left of the 
chart, and a vertical line from 
the current scale on the bottom 
of the chart. Read the power 
factor at the point of intersec- 
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29-10. Electrical characteristics of 110 volt electrolytic motor starting capacitors at 60 cycles. 
(Aerovox Corp.) 


tion of the two lines. The cap- peres and 16.5 watts 
acity may be determined by ex- from a 110-volt line. 
tending the vertical line until it 
intersects the scale marked C-C 
or the scale marked MFDS- 
scale Aor B. 


Draw a horizontal line 
from the point marked 
16.5 watts onthe power 
scale at the left of the 
chart, and a vertical 


Example: To find the power fac- line from the point 
tor of a capacitor marked 2 amperes on 
which draws 2 am- the current scale, and 
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read the power factor 
at the point of inter- 
section’ ‘'Z.’’ The pow- 
er factor will be 8%, 


3. To find the current that will flow 


when a given capacitor is con- 
nected across a 110-volt line, 
draw a horizontal line from the 
microfarad scale A or B, on the 
left of the chart to the corres- 
ponding MFDS line, and drop a 
perpendicular to the current 
scale at the bottom of the chart. 
The current can also be found by 
dropping a perpendicular line 
from the desired capacity value 
in microfarads on scale C-C to 
the current scale. 


Example: To find the current 
taken by a 48-micro- 
farad capacitor when 
connected toa 110-volt 
line. Draw a horizontal 
line from 48 micro- 
farads scale A to the 
MFDS-scale A, and 
drop a perpendicular 
line from the point of 
intersection ‘‘X’’ to 
the current scale on 
the bottom of the chart, 
and read 2 amperes. 

. To find the power in watts fora 
capacitor of known capacity and 
power factor. Draw a vertical 
line from the value of capacity 
in microfarads on scale C-C to 
the power factor line given and 
then draw a horizontal line from 
the point of intersection to the 
power scale on the left of the 
chart. 

Example: To find the power of a 
48-microfarad capa- 
citor, 8% power factor 
when connected to a 
110-volt line. 


From the point ‘'Y’’, 


48 microfarads, on 
scale C-C drop aper- 
pendicular line untilit 
intersects the 8% 
power factor line at 
the point “Z”, From 
that point draw a hori- 
zontal line to the pow- 
er scale on the left of 
the chart and read 16.5 
watts, 


29-3. PELETIER EFFECT 


An interesting electrical-heat re- 
lation is the thermocouple. If two dis- 
similar metals are connected at one 
end and inserted in a fire, electric 


HOT | CLD 


ADEA 


29-11. A Peletier effect circuit. Direct current passing 

from one copper block A through the alloy B to the 

other copper Block A produces a cold junction and a 
hot junction. 

pressure and electron travel takes 

place if the other ends of the two 

metals are connected electrically. 

The reverse of the electronic be- 
havior is also true if electrons are 
passed between two metals. Their ad- 
joining surfaces develop different tem- 
peratures. For example, if copper 
blocks are placed on cach side of a 
steel alloy block, and a current is 
passed through the copper-steel-cop- 
per, one of the adjoining surfaces be- 
comes cold, and one becomes hot, Fig. 


29c 
29-4. CLEANING METAL 


During the course of use and during 
repair operations, metal parts may be- 
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come coated with lubricating oils, 
greases, oxides, dirt, metallic particles 
or abrasives. 

There are a variety of methods suc- 
cessfully used to clean these metal 
parts. Lubricants or greases made 
from animal or vegetable oils or fats 
such as tallow, lard oil, palm oil, olive 
oil, can usually be removed by sapon- 
ification (making a soap of the oil or 
fat). This is done by treating the parts 
in an alkaline solution where the oils 
react with the alkali to form water 
soluble soap compounds. 

Unsaponifiable mineral oils suchas 
kerosene, machine oil, cylinder oiland 
general lubricating oils are usually 
cleaned by an emulsification process 
using soaps, wetting agents and dis- 
persing agents. 

Dirt, abrasives, metal dust andinert 
materials are generally removed by one 
or both of these processes. 

SOLVENT CLEANING is used for re- 
moving most of the oils from coated 
pieces, by immersing them in a sol- 
vent such as mineral spirits. The 
tanks should have safety lids and should 
be hooded and vented. 


DEGREASING or vapor cleaningis also 
used to remove oils. By holding the 
parts in a container where solvent 
vapors can condense on the parts to be 
cleaned, the condensed solvent washes 
away the oily coating, leaving the work 
dry and nearly clean. Production de- 
greasing machines use two or three 
compartments. The work is immersed 
in the first compartment containing a 
boiling solution of the solvent. Itis then 
dipped into the second section, which 
contains clean cold solvent. Finally, it 
is hung in the third section where only 
clean vapors condense onand washover 
the work. The degreasing unit is self 
purifying--oils and waste accumulating 
at bottom of third section. Job shop 
cleaning uses the third section only. The 
solvents used are generally chlorinated 


hydrocarbons such as carbon tetra- 
chloride and trichlorethylene. Venting 
is of extreme importance for safety to 
the operator. 


ALKALINE SCOURING, Alkaline clean- 
ing baths are used primarily for the 
rernoval of oils, greases, solid par- 
ticles of dirt, and metal particles by 
immersing pieces in hot alkaline solu- 
tions. The chemicals saponify or make 
soap of vegetable and animal oils and 
fats, emulsifying mineral oils and 
greases and suspending the solid ma- 
terial. The combination of heat, active 
chemicals and agitations are important 
factors. Soap is used either as adirect 
addition or is formed by the saponifi- 
cation of vegetable or animal fats 
present. Caustic soda, soda ash and 
causticized soda form the cheapest 
and most direct method of producing 
alkalinity in the bath. However, such 
materials, as a general rule, haveless 
surface activity than more complex 
materials. Sodium metasilicate tri- 
sodium phosphate, and similar salts 
are often used to obtain alkalinity in 
a solution, 


EMULSION SCRUBBING. A number of 
proprietary preparations are used for 
this purpose. They comprise an emul- 
sification agent which acts to disperse 
organic solvents in water solutions. 
Emulsifiable cleaners are miscible 
with oils and can be washed off with 
water, although a film of oil may re- 
main on the work and necessitate a 
subsequent alkali cleaning treatment. 
Dragout costs are high. 


ELECTROLYTIC CLEANING, Alkaline 
materials are used in electrolytic 
cleaning. The bath is maintained at as 
near boiling as permissible without 
excessive tarnishing. The gas evolved 
tends to lift off the soil, presenting a 
clean surface for subsequent opera- 
tions. The work to be cleaned is usual- 
ly made the cathode. There are many 
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ormulas available for this work but 
the one used depends upon the nature 
of the material to be used and the de- 
gree of tarnish permissible” In many 
cases, particularly withcarbonsteelor 
cast iron, unusual results can be ob- 
tained by switching the polarity several 
times during cleaning. 


TARNISH REMOVAL. Brass and cop- 
per articles often become discolored 
or tarnished on standing or during the 
course of alkaline cleaning. This tar- 
nish can be removed when work is 
free from oil or grease by immersion 
in a water solution containing 4 to 8 
ounces of sodium cyanide per gallon. 
After discoloration has been removed- 
-usually a matter of seconds--pieces 
should be thoroughly rinsed. Sodium 
cyanide is very poisonous and extreme 
care must be observed during handling. 
When work is cleaned in alkali, the 
alkali should be completely removed 
because if alkali and cyanide are mixed 
and allowed to stand, ammonia may be 
developed. Care must be taken not to 
allow any cyanide to come in contact 
with acids because of liberation of 
lethal hydro-cyanic acid gas. Even 
though the above precautions must be 
carefully observed, many gallons of 
cyanide solution are used daily, parti- 
cularly in plating cycles. 


PICKLING, The pickling operation is 
used to remove oxides or films which 
usually develop on the surface of the 
metals from annealing. Inorganic acids 
are generally used for this purpose, 
sulphuric acid and hydrochloric acid 
being the more common ones, Either 
sodium bichromate or ferric sulphate 
are used in combination with an acid 
to remove red stains on brass or to 
produce a special surface effect. After 
pickling it is important that metals 
be rinsed well and, if permissible, 
immersed in a neutralizer to remove 
the last traces of acid. 
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SULPHURIC ACID PICKLE 


Sulphuric Acid. ... 1/4 to 1 gallon 
Wateraer 0 oi. ewe 4 gallons 
Tees 100 to 160 F. 
Used frequently after an annealing 
operation where scale and tarnish has 
been developed. Usually the heavier the 
scale, the more concentrated and hotter 
is the pickle which is used. 


SODIUM BICHROMATE PICKLE 


Sulphuric Acid... . 1/4 gallon 

Water? .2 ape te 4- 1/2 gallons 
Sodium Bichromate . 2 to 5 oz. per gal. 
Temperature. .... 80 to 120 F, 


The lowest concentrate of chemicals 
that will do the required brightening 
is recommended, If pieces remain too 
long in this solution or solution is too 
concentrated, some pitting or etching 
of the surface may result. When proper- 
ly employed it will give a clear yellow 
surface finish which is not glossy. So- 
dium Bichromate pickle is used for re- 
moving red stains which remain after 
sulphuric acid pickling. 


BRIGHT DIP 
Sulphuric Acid’, . . . 2 gallons 
Nitric Acid...... 1 gallon 
Water enya a Na 1 quart 
Hydrochloric Acid. . 1 oz. to every 
5 gals. 
Cold, room tem- 


perature 


To obtain a gloss, a bright dip solu- 
tion is required. There are many pos- 
sible combinations which will give the 
desired results. Increasing the nitric 
acid makes the solution more active. 
Increasing the sulphuric acid slows 
down the action of the solution. Add 
salt carefully and in small quantities 


if work is sooty. 
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29-12. Pressure-heat graph for methyl chloride. 
(American Society Retrigerating Engineers} 


SCALE DIP. Sometimes a preliminary 
preparation of the surface is necessary 
before immersing the pieces in the 
bright dip, especially when a very 
bright, smooth surface is desired, 

(a) Where very heavy cutting of the 
surface is desired, use concen- 
trated nitric acid as received 
from the carboy. 

(b) For milder treatment, use the 
formula: 


1 gallon 


= 
AT ALATA ea 
BAG 


AA 
DULA f AAA Het Te] 
HZZO F 


40 60 “BO 100 20 


eA 


NL YAN 


Sulphuric acid.... 
Water m eee 


l to 2 gallons 
1 to 5 gallons 


These solutions are quite active and 
must be used with care to prevent too 
deeply attacking the brass. After the 
bright dipping, either preceded by scale 
or bichromate dipping, the work should 
be thoroughly rinsed in water, im- 
mersed in 2 to 4 ounce solution of 
sodium cyanide followed by thorough 
rinsing. Then immerse in 1 ounce solu- 
tion of neutral soap, and thoroughly 


20 40 60 80 600 20 40 60 80 700 
HEAT CONTENT -BT.U. PER LB. 


29-13. Pressure-heat graph far ammonia (NH’*). 
(American Society Refrigerating Engineers) 
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29-14. Preszure-heat graph for Freon-I l. 


[Kinetic Chemicals Inc.) 
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ENTHALPY (8. T.U. PER LB. ABOVE SATURATED LIQUID AT - 40°F) 
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ABSOLUTE PRESSURE (LBS, PER SQUARE INCH) 
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29-15. Pressure-heat graph for Freon-I2. 
(Kinetic Chemicals Inc.) 
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29-16. Pressure-heat graph for Freon-21. 
(Kinetic Chemicals Inc.) 
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rinse. Omit the soap solution if pieces 
are to be soldered. Ferric sulphate 
can be used in place of sodium bichro- 
mate, and for certain purposes it is 
preferred, particularly where attack of 
base metal is to be kept to the mini- 
mum. 


29-5. REFRIGERANT CHARACTERISTICS 


Several pressure-heat enthalpy dia- 
grams are given in this section. Most 
of the physical properties of refriger- 
ants may be ascertained from these 
graphs. See Figures 29-12 through 
29-18, 


29-7. SAFETY CODE FOR 
MECHANICAL 
REFRIGERATION 


Section 1. SCOPE AND PURPOSE 


1.1 Scope. The application of this Code is intended 
to insure the safe design, construction, installation, 
operation, and inspection of every refrigerating 
system employing a fluid which is vaporized and 
is normally liquefied in its refrigerating cycle, when 
employed under the occupancy classifications listed 
in Section 3. The provisions of this Code are not 
intended to apply to the use of water or air as a 
refrigerant nor to refrigerating systems installed 
on railroad cars, motor vehicles, motor drawn ve- 
hicles or on shipboard. (For shipboard installa- 
tions see ASA B59.1-1950). 


1.2 Purpose. This Code is intended to provide rea- 
sonable safeguards to life, limb, health, and prop- 
erty; to correct certain practices which are incon- 
sistent with safety; and to prescribe standards of 
safety which will properly influence future progress 
and developments in refrigerating systems. Equip- 
ment listed by an approved, nationally recognized 
testing laboratory, as defined in 2.3.1, is deemed to 
meet the design, manufacture, and factory test re- 
quirements of this Code or equivalent, for the re- 
frigerant or refrigerants for which such equip- 
ment is designed. 


1.3 Application. This Code shall apply to refrigerat- 
ing systems installed subsequent to its adoption 
and to parts replaced or added to systems installed 
prior or subsequent to its adoption. In cases of 
practical difficulty or unnecessary hardship, the 
authority having jurisdiction may grant exceptions 
from the literal requirements of this Code or per- 
mit the use of other devices or methods, but only 
when it is clearly evident that equivalent protection 
is thereby secured. 


NOTE: To secure the uniform application of this Code, 


29-6. FOOD PRESERVATION BY ) 
RADIATION TREATMENT | 


Experiments have been conducted 
using atomic energy radiations to pre- 
serve food. Fresh foods have been put 
in sealed containers. These containers — 
were exposed to a form of atomic en- 
ergy radiation. It was found, upon in- 
spection, that the food remains inde- 
finitely in its fresh state with nochange 
in appearance, flavor or food value, as 
a result of being treated in this man- 
ner, 


| 
authorities having jurisdiction are urged, before renderin, 
decisions on disputed points, to consult the committee whic 
formulated it—the Committee on Safety Code for Mechan 
cal Refrigeration, B9, in care of the American Standarc 
Association, Incorporated, 70 East 45th Street, New Yor 


17, N. Y., or the American Society of Refrigerating Eng 


neers, 40 West 40th Street, New York 18, N. Y 


Section 2. DEFINITIONS 


2.1 Absorber (Adsorber) is that part of the lo 
side of an absorption system used for absorbin 
(adsorbing) vapor refrigerant. 


2.2 Absorption System—see 2.48.1. 


2.3 Approved means acceptable to the authoriti 
having jurisdiction. 


2.3.1 An Approved Nationally Recognized Tes, 
ing Laboratory is one acceptable to the authoriti 
having jurisdiction, that provides uniform testiti 
and examination procedures under establishe, 
standards, is properly organized, equipped an. 
qualified for testing, and has a follow-up inspe. 
tion service of the current production of the haa 
products. 


i 
R 
l 


2.4 Brazed Joint, for the purpose of this code, is, 
gas-tight joint obtained by the joining of meti 
parts with alloys which melt at temperature 
higher than 1000 F but less than the melting tag 
peratures of the joined parts. 


2.5 Brine is any liquid, used for the transmissig 
of heat without a change in its state, having I) 
flash point or a flash point above 150 F determi 
by American Society for Testing Materials methe 
D93-52. (See Appendix 1.) i 
2.6 Compressor is a specific machine, with or wit 
out accessories, for compressing a given repro 
vapor. 

i 
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ompressor Unit is a condensing unit less the 
Yenser and liquid receiver. 

Condenser is a vessel or arrangement of pipe 
ubing in which vaporized refrigerant is lique- 
by the removal of heat. 7 wv 
Condensing Unit is a specific’ refrigerating 
thine combination for a given refrigerant, con- 
ing of one or more power-driven compressors, 
densers, liquid receivers (when required), and 
regularly furnished accessories. 

Container is a cylinder for the transportation 
refrigerant. (See Appendix 2.) 

Department Store is the entire space occupied 
one tenant or more than one tenant in an indi- 
jal store where more than 100 persons com- 
nly assemble on other than the street-level floor 
d the purpose of buying personal wearables and 
fer merchandise. 

| Design Working Pressure is the maximum al- 
Jable working pressure for which a specific part 
a system is designed. 

i Direct System—see Ale 

5 Double Indirect Vented Open-Spray System— 
( 4.3.4, 

V Double (or Secondary) Refrigerant System— 
«4.4, 
13 Duct is a tube or conduit used for conveying 
lencasing purposes as specifically defined below: 
1) Air duct is a tube or conduit used for con- 
veying air. (The air passages of self-con- 
tained systems are not to be construed as 
air ducts.) 

)) Pipe duct is a tube or conduit used for encas- 
ing pipe. 

+) Wire duct is a tube or conduit used for en- 
casing either moving or stationary wire, rope, 
etc. 

I9 Entrance is a confined passageway immediate- 
iadjacent to the door through which people enter 
Suilding. 

0 Evaporator is that part of the system in which 
uid refrigerant is vaporized to produce refriger- 
on. 

1 Exit is a confined passageway immediately 
acent to the door through which people leave a 
ding. 

2 Expansion Coil is an evaporator constructed 
‘pipe or tubing. 

13 Fusible Plug is a device having a predeter- 
ned-temperature fusible member for the relief 
‘pressure, 

‘4 Generator is any device equipped with a heat- 
element used in the refrigerating system to 
prease the pressure of refrigerant in its gas or 
por state for the purpose of liquefying the refrig- 
ant. 


5 Hallway is a corridor for the passage of pco- 


6 High Side means the parts of a refrigerating 
stem under condenser pressure. 


17 Humanly Occupied Space is a space normally 
equented or occupied by people but excluding 
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machinery rooms and walk-in coolers used pri- 
marily for refrigerated storage. 

2.28 Indirect Closcd-Surface System—see 4.3.2. 
2.29 Indirect Open-Spray System—see 4.3.1. 

2.30 Indirect Systcm—see 4.3. 

nee Vented Closed-Surface System—see 
2.32 Liquid Receiver is a vessel permanently con- 
nected to a system by inlet and outlet pipes for 
storage of a liquid refrigerant. 

2.33 Lobby is a waiting room, or large hallway 
serving as a waiting room. 

2.34 Low Side means the parts of a refrigerating 
system under evaporator pressure. 

2.35 Machinery is the refrigerating equipment 
forming a part of the refrigerating system includ- 
ing any or all of the following: compressor, con- 
denser, generator, absorber (adsorber), liquid re- 
ceiver, connecting pipe, or evaporator. 

2.36 Machinery Room is a room in which a refrig- 
erating system is permanently installed and oper- 
ated but not including evaporators located in a cold 
storage room, refrigerator box, air cooled space, or 
other enclosed space. Closets solely contained 
within, and opening only into, a room shall not be 
considered machincry rooms but shall be consid- 
ered a part of the machinery 100m in which they 
are contained or open into. It is not the intent of 
this definition to cause the space in which a self- 
contained system is located to be classified as a 
machinery room. (See 8.11.) 

2.37 Machinery Room, Class T is a room having 
machinery but no flame-producing apparatus per- 
manently installed and operated and also conform- 
ing to the following: 

a) Any doors, communicating with the building, 
shall be approved self-closing, tight-fitting 
fire doors. 

b) Walls, floor, and ceiling shall be tight and of 
not less than one-hour fire-resistive construc- 
tion. 

c) It shall have an erit door which opens direct- 
ly to the outer air or through a vestibule- 
type erit equipped with self-closing, tight- 
fitting doors. 

d) Exterior openings, if present, shall not be 
under any fire escape or any open stairway. 

e) All pipes piercing the interior walls, ceiling, 
or floor of such room shall be tightly sealed 
to the walls, ceiling, or floor through which 
they pass. 

f) Emergency remote controls to stop the action 
of the refrigerant compressor shall be pro- 
vided and located immediately outside the 
machinery room. 

g) Mechanical means shall be provided for ven- 
tilation. (See 8.11.3.) 

h) Emergency remote controls for the méchan- 
ical means of ventilation shall be provided 
and located outside the machinery room 


7.38 Manufacturer is, for the purpose of thia cade, 
the company or organization W hich vidne its 
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responsibility by affixing its name or nationally 
registered trade-mark or trade name to the refrig- 
eration equipment concerned. 

2.39 Mechanical Joint, for the purpose of this code, 
is a gas-tight joint, obtained by the joining of 
metal parts through a positive-holding mechanical 
construction. 

2.40 Nonpositive Displacement Compressor is a 
compressor in which increase in vapor pressure is 
attained without changing the internal volume of 
the compression chamber. 

2.41 Piping means the pipe or tube mains for inter- 
connecting the various parts of a refrigerating 
system. 

2.42 Positive Displacement Compressor is a com- 
pressor in which increase in vapor pressure is at- 
tained by changing the internal volume of the 
compression chamber. 

2.43 Pressure-Imposing Element is any device or 
portion of the equipment used for the purpose of 
increasing the refrigerant vapor pressure. 

2.44 Pressure-Limiting Device is a pressure-re- 
sponsive mechanism designed to automatically stop 
the operation of the pressure-imposing element at a 
predetermined pressure. 

2.45 Pressure-Relicf Device is a pressure-actuated 
valve or rupture member designed to automatically 
relieve excessive pressure. 

2.46 Pressure-Relief Valve is a pressure-actuated 
valve held closed by a spring or other means and 
designed to automatically relieve pressure in ex- 
cess of its setting. 

2.47 Pressure Vessel is any refrigerant-containing 
receptacle of a refrigerating system, other than 
evaporators, each separate section of which does 
not exceed 14 cubic foot of refrigerant-containing 
volume, expansion coils, compressors, controls, 
headers, pipe, and pipe fittings. 

2.48 Recetver—see 2.32. 

2.49 Reciprocating Compressor is a positive dis- 
placement compressor with a piston or pistons 
moving in a straight line but alternately in oppo- 
site directions. 

2.50 Refrigerant is a substance used to produce 
refrigeration by its expansion or vaporization. 


2.51 Refrigerating System is a combination of in- 
terconnected refrigerant-containing parts consti- 
tuting one closed refrigerant circuit in which a 
refrigerant is circulated for the purpose of extract- 
ing heat. (See Section 4 for classification of refrig- 
erating systems by type.) 


2.51.1 Absorption System is a refrigerating sys- 
tem in which the gas evolved in the evaporator is 
taken up by an absorber or adsorber. 


2.51.2 Centrifugal System is a specific combina- 
tion of machinery for a given refrigerant, consist- 
ing of a power-driven centrifugal compressor, a 
condenser, a water or other liquid cooler, and the 
regularly furnished accessories. The component 
parts, after assembly and testing at the factory, are 
usually disassembled for shipment. 


2.51.3 Sealed Absorption System is a unit system 
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for Group 2 refrigerants only in which all refrig 
erant-containing parts are made permanently tigi 
by welding or brazing against refrigerant los 
(This is a restrictive definition for the purposes ¢ 
this code as used in 6.1.2 and 6.3.1.) (See 2.51.1. 

2.51.4 Self-Contained System is a complete fa 
tory-made and factory tested system in a suitabl 
frame or enclosure which is fabricated and shippe 
in one or more sections and in which no refriget 
ant-containing parts are connected in the field othe 
than by companion or block valves. 

2.51.5 Unit System is a self-contained syste 
which has been assembled and tested prior to it 
installation and which is installed without cor 
necting any refrigerant-containing parts. A un 
system, may include factory-assembled companio 
or block valves. 

2.52 Rupture Member is a device that will aut 
matically rupture at a predetermined pressure. 
2.53 Shall. Where “shall” or “shall not” is used fe 
a provision specified, that provision is intended 1 
be mandatory. 
2.54 Should. “Should” or “it is recommended” 
used to indicate provisions which are not mand: 
tory but which are pointed out here as recon 
mended good practice. | 
2.55 Sealed Absorption System—see 2.51.3. 
2.56 Self-Contained System—see 2.51.4. 
2.57 Soldered Joint, for the purpose of this cod! 
is a gas-tight joint obtained by the joining of met 
parts with metallic mixtures or alloys which me 
at temperatures below 1000 F and above 400 F. 
2.58 Stop Valve is a shut-off for controlling tł 
flow of refrigerant. 
2.59 Tenant, as herein used, shall be contrued as 
person, firm, or corporation possessed with th. 
legal right to occupy premises. 
2.60 Unit System—see 2.51.5. Í 
2.61 Welded Joint, for the purpose of this code, 
a gas-tight joint, obtained by the joining of met 
parts in the plastic or molten state. 
| 


Section 3. BUILDING OCCUPANCY 
CLASSIFICATION 


3.1 Locations in which refrigerating systems m. 
be placed are grouped by occupancy as follows: 


3.2 Institutional Occupancy shall apply to that pe 

tion of a building in which persons are confined | 
receive medical, charitable, educational, or othr 
care or treatment, or in which persons are held « 
detained by reason of public or civic duty, inclu 

ing among others, hospitals, asylums, sanitarium, 

police stations, jails, court houses with cells, ar 

similar occupancies. 


3.3 Public Assembly Occupancy shall apply to th 
portion of the premises in which persons cong? 
gate for civic, political, educational, religious, s“ 
cial, or ‘recreational purposes; including amo? 
others, armories, assembly rooms, auditoriums, bé 
rooms, bath houses, bus terminals, broadcastii 
studios, churches, colleges, court houses witho 
cells, dance halls, department stores, exhibitir 
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alls, fraternity halls, libraries, lodge rooms, mor- 
ary chapels, museums, passenger depots, schools, 
ating rinks, subway stations, theaters, and simi- 


occupancies. 
ua 


4 Residential Occupancy shall apply to that portion 
f a building in which sleeping accommodations are 
rovided for more than two families, including 
ong others, club houses, convents, dormitories, 
otels, lodging houses, multiple story apartments, 
udios, tenements, and similar occupancies. 


5 Commercial Occupancy shall apply to that por- 
on of a building used for the transaction of busi- 
ess; for the rendering of professional services; 
or the supplying of food, drink, or other bodily 
eeds and comforts; for manufacturing purposes 
t for the performance of work or labor (except 
s included under 3.6 Industrial Occupancy) in- 
juding among others, bake shops, fur storage, lab- 
ratories, loft buildings, markets, office buildings, 
rofessional buildings, restaurants, stores other 
jan department stores, and similar occupancies. 


6 Industrial Occupancy shall apply to an entire 
suilding when used by a single tenant for manu- 
acturing, processing, or storage of materials or 
oducts, including among others, chemical, food, 
andy, and ice cream factories, ice making plants, 
Neat packing plants, refineries, perishable food 
yarehouses, and similar occupancies. 


17 Mixed Occupancy shall apply to a building occu- 
ied or used for different purposes in different 
‘arts. When the occupancies are cut off from the 
est of the building by tight partitions, floors, and 
eilings and protected by self-closing doors, the re- 
irements for each type of occupancy shall apply 
or its portion of the building. For example, the 
old storage spaces in retail frozen food lockers, 
otels, and department stores might be classified 
nder Industrial Occupancy, whereas other portions 
f the buildings would be classified under 
ther occupancies. When the occupancies are 
ot so separated, the occupancy carrying the more 
ringent requirements shall govern. 


Section 4. REFRIGERATING SYSTEM 
CLASSIFICATION BY TYPE 


«l Refrigerating Systems (see 2.51) shall be divided 
hto classes, descriptive of the method employed for 
xtracting heat as follows in 4.2 to 4.4, inclusive. 
he direct and various indirect systems referred to 
re illustrated in Figure 1. 


2 Direct System is one in which the evaporator is 
direct contact with the material or space refrig- 
ated or is located in air-circulating passages com- 
unicating with such spaces. 


3 Indirect System is one in which a liquid, such as 
Prine or water, cooled by the refrigerant, 1s circu- 
ated to the material or space refrigerated or 1s 
Sed to cool air so circulated. Indirect systems 
vhich are distinguished by the type or method of 
pplication are as given in the following para- 
aphs: 
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4.3.1 Indirect Open-Spray System is one in which a 
liquid, such as brine or water, cooled by an crapo- 
rator located in an enclosure external to a cooling 
chamber, is circulated to such cooling chamber and 
is sprayed therein. 


4.3.2 Indirect Closed-Surface System is one im Which 
a liquid, such as brine or water, cooled by an crap- 
orator located in an enclosure external to a cooling 
chamber, is circulated to and through such a cool- 
ing chamber in pipes or other closed circuits. 


4.3.3 Indirect Vented Closed-Surface System is one 
in which a liquid, such as brinř or water, cooled by 
an evaporator located in a vented enclosure external 
to a cooling chamber, is circulated to and through 
such cooling chamber in pipes or other closed cir- 
cuits. 


4.3.4 Double Indirect Vented Open-S pray System 18 
one in which a liquid, such as brine or water, co led 
by an evaporator located in a vented enclosure, 18 
circulated through a closed circuit to a second en- 
closure where it cools another supply of a hquid, 
such as brine or water, and this liquid in turn 1s 
circulated to a cooling chamber and is sprayed 


therein. 


4.4 Double (or Secondary) Refrigerant System @ one In 


which an evaporative refrigérant is used m a $c- 
ondary circuit. For the purpose of this code, each 
system enclosing a separate body of an evapeérative 
refrigerant shall be considered as a sé@parkte direct 


system. 


Section 5. REFRIGERANT ¢ LASSIFICA TION 


5.1 General. [éfrigerants are, for the purp wf 
this code, divided into groups a follows 
ASRE Stastiaro N S-] 
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5.1.1 Group 1 
ÇCarbon-dioxide oun mer eae emane a oem rennin CO: 
Dichlorodifluoromethane (Freon-12) .......... CCl.F2 
Dichloromethane (Carrene No. 1) 

(Methylene chloride) .............2eeece- CH.Cl, 
Dichloromonofiuoromethane (Freon-21) ....... CHCLF 
Dichlorotetrafluoroethane (Freon-114) ........ C.C1.F, 
Monochlorodifluoromethane:+(Freon-22) ....... CHCIF;, 
Trichloromonofluoromethane (Freon-11) 

(Carrene No: 2) i sacc carne oe reece CCI:F 
Trichlorotrifluoroethane (Freon-113) ......... C.C1,F, 

5.1.2 Group 2 
AMMON a Were serea a iterate Ter aloe Ee Ges oe reece NH: 
Dichloroethylene neere eea eean aaa e aA C.H:.Cl, 
Ethyl: chloride 420 .asitcre nce ome ce erent es C.H:Cl 
Methylichloridese..acaremmceonten no ieee CH:Cl 
Methyl formate: sor Aae co non RETE sae HCOOCH: 
Sulphuridioxide mosse sins aeleie I E al eviews ser SO, 

5.1.3 Group 3 
Butane eese O10 Gan oi RR PO a E eS Os C,H 
[Bic yt Vacanti 6 OSS OA ORE OOOO a a A dD GUE C-H. 
Ethylene aeee Aa EE Ghar E a arouse E CH. 
Isobutane m aen meee ce hereon a aa (CH:):-CH 
Propane aea arene E e AA A T, C.H. 


Section 6. REQUIREMENTS FOR INSTITUTIONAL, 
PUBLIC ASSEMBLY, RESIDENTIAL, AND 
COMMERCIAL OCCUPANCIES 


6.1 General 

6.1.1 Public Stairway, Stair Landing, Entrance, or Exit. 
No refrigerating system shall be installed in or on 
a public stairway, stair landing, entrance, or exit. 


6.1.2 Public Hallway or Lobby. No refrigerating 
system shall interfere with free passage. No Group 
2 refrigerant shall be permitted in public hallways 
or lobbies of Institutional or Public Assembly Oc- 
cupancies. Refrigerating systems installed in a 
public hallway or lobby shall be limited to: 

a) Unit Systems containing not more than the 
quantities of a Group 1 refrigerant speci- 
fied in Table 1, or 

b) Sealed Absorption Systems containing not 
more than 3 pounds of Group 2 refrigerant 
when in Residential and Commercial Oc- 
cupancies. 


6.1.3 Refrigerant Piping Through Floors. Refrigerant 
piping shall not be carried through floors except as 
follows: 

a) It may be carried from the basement to the 
first floor or from the top floor to a ma- 
chinery penthouse or to the roof. 

b) For the purpose of connecting to a con- 
denser on the roof, it may be carried 
through an approved, rigid and tight con- 
tinuous fire-resisting pipe duct or shaft 
having no openings on intermediate floors, 
or it may be carried on the outer wall of 
the building provided it is not located in an 
air shaft, closed court, or in other similar 
open spaces enclosed within the outer walls 
of the building. 

c) In systems containing Group 1 refriger- 
ants, the refrigerant piping may also be 
carried through floors, intermediate be 
tween the first floor and the top floor, pro- 
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vided it is enclosed in an approved, rigid, 
and tight continuous fire-resisting pipe duct 
or shaft where it passes through any inter- 
mediate space. Where the refrigerating 
system serves an air conditioning system, 
the piping need not be enclosed where it 
passes through air conditioned spaces 
served by that system. The pipe duct or 
shaft shall be vented to the outside or to a 
space served by the air conditioning 
system. 


TABLE 1. Maximum Permissible Quantities of 
Group 1 Refrigerants for Direct Systems 


Maximum 
quantity in 
lb per 1000 
cu ft of 
humanly 
Chemical occupied 
Refrigerant name formula space* 
Carbon dioxide CO: 11 
Dichlorodifluoromethane (Freon-12) CCLF, 31 
Dichloromethane (Methylene chloride), 

(Carrene No. 1) CH.Cl, 6 í 
Dichloromonofiuoromethane (Freon-21) CHChLF 13 
Dichlorotetrafluoroethane (Freon-114) C.CLF, 44 
Monochlorodifluoromethane (Freon-22) CHCIF: 22 
Trichloromonofiuoromethane (Freon-11) CC1l,F 35 
Trichlorotrifluoroethane (Freon-113) C.C1LF, 24 


*NOTES: 

a) When the refrigerant-containing parts of a system are 
located in one or more enclosed spaces, the cubical content 
of the smallest enclosed humanly occupied space other 
than the machinery room, shall be used to determine the 
permissible quantity of refrigerant in the system. 

b) When the evaporator is located in an air duct system, 
cubical content of the smallest humanly occupied enclosed 
space served by the air duct system shall be used to 
determine the permissible quantity of refrigerant in the 
system; however, if the air flow to any enclosed space 
served by the air duct system cannot be shut off or re-. 
duced below one-quarter of its maximum, the cubical con- 
tents of the entire space served by the air duct system 
may be used to determine the permissible quantity of 
refrigerant in the system. 

c) Volatile charge in a control shall not be considered as 
refrigerant. 


6.2 Group 1 Refrigerants 
6.2.1 Direct Systems. The maximum permissible 
quantity of a Group 1 refrigerant in a direct sys- 
tem is specified in Table 1 except Institutional 
Occupancies where further limited by 6.2.1.1. 
6.2.1.1 Direct Systems in Institutional Occu- 
pancies shall be limited to unit systems containing 
not more than 20 pounds of Group 1 refrigerants, 
except in kitchens, laboratories, and mortuaries. 
(See 6.2.4.) 
6.2.1.2 In Institutional and Public Assembly 
Occupancies, direct expansion coils or evaporators 
used for air conditioning and located downstream 
from, and in proximity to, a heating coil, or lo- 
cated upstream within 18 inches of a heating coil, 
shall be fitted with a relief device discharging to 
the outside of the building in an approved manner; 
except that such a relief device shall not be re 
quired on unit or self-contained systems if the 
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internal volume of the low side of the system which 
ay be shut off by valves, divided by the total 
weight of refrigerant in the system less the weight 
of refrigerant vapor contained in the other parts 
of the system at 110 F, exceeds the specific volume 
of the refrigerant at critical conditiofis of tempera- 
ture and pressure. 


(NOTE: The above exemption is also stated in formula 
form below.) 


shall be more than Vsp 
WwW, — W: 


low side volume, cu ft 


Vap specific volume at critical conditions 
of temperature and pressure, cu ft 
per lb 

W, = total weight of refrigerant in system, 
Ib 


W, = weight of refrigerant vapor (lb) at 
110 F in Wa, or 
V: 


specific volume of refrigerant, 

in cu ft per lb, at 110 F, 

where V, = total volume of system 
less V,, cu ft 


6.2.2 Indirect Systems. A system containing more 
than the quantity of a Group 1 refrigerant allowed 
in Table 1 shall be of the indirect type with all 
refrigerant-containing parts, excepting parts 
mounted outside the building, installed in a ma- 
chinery room used for no other purpose than for 
mechanical equipment. 


6.2.3 Open Flames in Machinery Rooms. No open 
flame or apparatus to produce an open flame shall 
be installed in a machinery room where any refrig- 
erant other than carbon dioxide is used unless the 
flame is enclosed and vented to the open air. The 
use of matches, cigarette lighters, halide leak de- 
tectors, and similar devices shall not be consid- 
| ered a violation of this paragraph or of 6.2.4. 


6.2.4 Open Flames in Institutional and Public Assem- 
bly Occupancies. In Institutional and Public Assem- 
bly Occupancies, when more than 1 pound of a 
‘Group 1 refrigerant, other than carbon dioxide, is 
used in a system any portion of which is in a room 
where there is an apparatus for producing an open 
flame, then such refrigerant shall be classed in 
Group 2 unless the flame-producing apparatus 1S 
provided with a hood and flue capable of removing 
the products of combustion to the open air. 


6.3 Group 2 Refrigerants 


6.3.1 Direct Systems. The maximum permissible 

quantity of a Group 2 refrigerant in a direct sys- 
tem is shown in Table 2. (Also sce 6.1.2.) 
6.3.2 Indirect Systems. The maximum permissible 
quantity of Group 2 refrigerant in an indirect sys- 
tem is shown in Table 3. Any system using a Group 
2 refrigerant in excess of the quantities shown 1n 
Table 2 shall be of an indirect type as follows: 


a) Institutional and Public Assembly Occu- 
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TABLE 2. Maximum Permissible Quantities of Group 2 
Refrigerants for Direct Systems* 


Maximum 
a pounds for various occupancies”? 
refrigerating Institu- Public Resi- Com- 
system tional assembly dential mercial 
Sealed Absorption 
Systems: 
a) In public hallways 
or lobbies 0 0 3 3 
b) In other than pub- 
tie hallways or 
lobbies Ont 6 6 20 


Self-Contained or 
Unit Systems: 
a) In publie hallways 
or lobbies 0 0 6 0 
b) In other than pub- 
He hallways or 
lobbies 0 (ie 6 20 
Other Refrigerating 
Systems in Maehinery 
Room (see 2.36) 0 0 300 600 
Other Refrigerating 
Systems in Class T 
Machinery Room 
(see 2.37) 500 


1000 Nolimit Nolimit 


“Direct systems containing Group 2 refrigerants shall not 
be used for air conditioning for human comfort in Institu- 
tional, Public Assembly, and Residential Occupancies and 
shall be so used in Commercial Occupancies only when con- 
taining not more than 20 pounds of refrigcrant. 

**Six pounds allowed when installed in kitchens, labora- 
tories, and mortuaries for applications other than air condi- 
tioning for human comfort. 


pancies—Indircet vented closed-surface, or 
double indirect vented open-spray. 

b) Residential and Commercial Occupancies— 
Indirect vented closed-surface, or double 
indirect vented open-spray, or primary cir- 
cuit of double-refrigerant type. 

6.3.2.1 Machinery Rooms for Indirect Systems, 

Group 2 Refrigerants 

6.3.2.1.1 Indirect systems using Group 2 re- 
frigerants not in excess of the quantities shown in 
Column 1 of Table 3 shall have all refrigerant-con- 
taining parts, excepting parts mounted outside the 
building, installed in a machinery room used for no 
other purpose than for mechanical equipment. 


TABLE 3. Maximum Permissible Quantities of Group 2 
Refrigerants for Indirect Systems 


Column £ 
Clasa T Machinery 
Rooma (aer 2.37), 


~Golumn 1 


Machinery Rooma 


Occupancy (see 2.56), mar lb maz lb 
Institutional 0 Not more than 00 lb 
Public Assembly 0 Not more than 1000 Ib 
Residential Not more than 300 tb No limit 
Commercial Not more than 600 Ib No hmit 


6.3.2.1.2 Indirect susli ma Using Group 2 re- 


frigerants not in excess of the quantities shown in 
Column 2 of Table 3 shall have all refrigerant- 
containing parts installed in a Glass T machinery 


room. 
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6.3.2.1.3 Flame-Producing Devices, Hot Sur- 
faces, and Electrical Equipment in Machinery 
Rooms. Where a machinery room is required by 
this code to house a refrigerating system contain- 
ing any Group 2 refrigerant other than sulphur 
dioxide, no flame-producing device or hot surface 
above 800 F shall be permitted in such room and 
all electrical equipment in the room shall conform 
to the requirements of Hazardous Locations Class 
I of the latest edition of the National Electrical 
Code (see Appendix 7). The use of matches, ciga- 
rette lighters, halide leak detectors, and similar 
devices shall not be considered a violation of this 
paragraph. 


6.4 Group 3 Refrigerants 


6.4.1 Group 3 refrigerants shall not be used in 
Institutional, Public Assembly, Residential, or 
Commercial Occupancies except in laboratories for 
Commercial Occupancies. In such laboratory in- 
stallations only unit systems containinng not more 
than 6 pounds shall be used unless the number of 
persons does not exceed one person per 100 square 
feet of laboratory floor area, in which case the re- 
quirements for Industrial Occupancy shall apply. 


Section 7. REQUIREMENTS FOR INDUSTRIAL 
OCCUPANCIES 


7.1 General. There shall be no restriction on the 
quantity or kind of refrigerant used in an Indus- 
trial Occupancy, except as specified in 7.2 and 8.10. 


7.2 Number of Persons. When the number of persons 
above the first floor exceeds one person per 100 
square feet of floor area, the requirements of Com- 
mercial Occupancies shall apply unless that portion 
of the building containing more than one person 
per 100 square feet of floor area above the first 
floor, together with its entrances and exits, be cut 
off from the rest of the building by tight construc- 
tion with self-closing, tight-fitting doors. 


Section 8. INSTALLATION REQUIREMENTS 


8.1 Foundations and Supports for condensing units or 
compressor units shall be of substantial and non- 
combustible construction when more than 6 inches 
high. (See 8.3.) 


8.2 Moving Machinery should be guarded in accord- 
ance with accepted safety standards. (See Appen- 
dices 3 and 4.) 


8.3 Clear Space adequate for inspection and servic- 
ing of condensing units or compressor units shall 
be provided. 


8.4 Condensing Units or Compressor Units with Enclo- 
sures shall be readily accessible for servicing and 
inspection. 

8.5 Water Supply and Discharge Connections should 


be made in accordance with accepted safety and 
health standards. (See Appendix 5.) 


8.5.1 Discharge water lines shall not be directly 
connected to the waste or sewer system. The waste 
or discharge from such equipment shall be over 
and above a trapped and vented plumbing fixture. 
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8.6 Illumination adequate for inspection and servic 
ing of condensing units or compressor units shoul 
be provided. (See Appendix 6.) 


8.7 Electrical Equipment and Wiring shall be installe 
in accordance with accepted safety standards 
(See Appendix 7.) 


8.8 Gas Fuel Devices and Equipment used with refrig 
erating systems shall be installed in accordance 
with accepted safety standards. (See Appendix 8. 


8.9 Open Flames. When the quantity of flammabl 
refrigerant in any one refrigerating system exceed 
the amount given in Table 4 for each 1000 cubi 
feet of room volume in which the system or an 
part thereof is installed, then no flame-producin| 
device or hot surface above 800 F shall be permi 
ted in such room and all electrical equipment int 
room shall conform to the requirements of Ha 
ardous Locations Class I of the latest edition 
the National Electrical Code. (See Appendix 7 


TABLE 4. Maximum Permissible Quantities of 


Flammable Refrigerants . 


~ 


Maximum “tooo d 


Chemical in lb per 1000 € 
Name formula ft of room volun 
Butane CHi 2% 
Ethane CH. 21 
Ethyl chloride C:H;Cl 6 
Ethylene CH. 2 
Isobutane (CH;):;CH 2% 
Methyl] chloride CH:Cl 10 
Methyl formate HCOOCH; T 
Propane C3H; 2% 


8.10 Flammable Refrigerants as listed in Table 4 she 
not be used in a refrigerating system in a built- 
area in excess of 1000 pounds unless approved | 
the authority having jurisdiction. 


8.11 Machinery Room Requirements (see Definitio 


2.86 and 2.37) 


8.11.1 Each refrigerating machinery room sh 
be provided with tight-fitting door or doors a 
have no partitions or openings that will permit t 
passage of escaping refrigerant to other parts 
the building. 


8.11.2 Each refrigerating machinery room sh 
be provided with means for ventilation to the ou’ 
air. The ventilation shall consist of windows 
doors opening to the outer air, of the size shown 
Table 5, or of mechanical means capable of remi 
ing the air from the room in accordance w 
Table 5. The amount of ventilation for refriger¢ 
removal purposes shall be determined by the refr 
erant content of the largest system in the mach 
ery room. 


8.11.3 Mechanical Ventilation, when used, shall ci 
sist of one or more power-driven exhaust fa 
which shall be capable of removing from the ref 
erating machinery room the amount of air sp 
fied in Table 5. The inlet to the fan, or fans, 
air duct connection shall be located near the refr 


ting equipment. The outlet from the fan, or 
, or atr duet connections shall terminate out- 
e of the building in an approved manner. When 
duets are used either on the inlet or discharge 
e of the fan, or fans, they shed! have an area not 
s than specified in Table 5. Previsioh should be 
de for the inlet of air to replace that being 
austed. 


11.4 Class T Machinery Rooms in basements or 
b-basements (see Definition 2.37) shall have 
equate mechanical ventilation operating continu- 
sly, which may be considered as a part of the 
ergency ventilation required in 8.11.2. 


2 Air Duct Systems of air conditioning equipment 
r human comfort using mechanical refrigeration 
ould be installed in accordance with accepted 
ety standards. (See Appendix 9.) 


TABLE 5. Minimum Air Duct Areas and Openings 


Weight of Mechanical Open window 


refrigerant discharge Duct area, or door 
in system, lb of air, cfm sq ft area, sq ft 

to 20 150 14 4 
50 250 % 6 
100 400 l2 10 

150 550 38 121 
200 680 26 14 
250 800 1 15 
300 900 1 17 
400 1,100 1% 20 
500 I TS] 1% 22 
600 1,450 142 De 
700 1,630 115 26 
800 1,800 2 28 
900 1,950 2 30 
1,000 2,050 2 31 
1,250 2250 2i; 33 
1,500 2,500 244 37 
1,750 2,700 21% 38 
2,000 2,900 24 40 
2,500 3,300 215 43 
3,000 3,700 3 48 
4,000 4,600 33% 55 
5,000 5,500 412 62 
6,000 6,300 5 68 
7,000 7,200 516 74 
8,000 8,000 54s 80 
9,000 8,700 6la 85 
10,000 9,500 612 90 
12,000 10,900 T 100 
14,000 12,200 Tie 109 
16,000 13,300 Th 118 
18,000 14,300 8 125 
20,000 15,200 844 130 
25,000 17,000 834 140 
30,000 18,200 9 145 
| 35,000 19,400 91, 150 
40,000 20,500 9's 155 
45,000 21,500 93, 160 


e 


| Section 9. REFRIGERANT PIPING, VALVES, 
FITTINGS, AND RELATED PARTS 


1 General. Refrigerant piping, valves, fittings, and 
elated parts used in the construction and installa- 
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tion of refrigerating systems shall conform to the 
American Standard Code for Pressure Piping. (See 
Appendix 10.) 


9.2 Metal Enclosures or Pipe Ducts for Soft Copper 
Tubing. Rigid or flexible metal enclosures shall be 
provided for soft, annealed copper tubing used for 
refrigerant piping erected on the premises and 
containing other than Group 1 refrigerants. No 
enclosures shall be required for connections be- 
tween condensing unit and the nearest riser box, 
provided such connections do not exceed 6 feet in 
length. 


9.3 Specific Minimum Requirements for Refrigerant 
Pipe and Tubing 


9.3.1 Standard wall steel or wrought iron pipe 
may be used for design working pressures not ex- 
ceeding 300 psig, provided lap-welded, electric re- 
sistance welded, or seamless pipe is used for sizes 
2 inches and larger, and extra strong wall pipe is 
used for liquid lines for sizes 1! inches and 
smaller conforming to American Standard B36.10- 
1939. (See Appendix 11.) 


9.3.2 Standard iron pipe size copper and red brass 
(not less than 80 percent copper) pipe and tubing 
may be used and shall conform to the dimensions 
given in Tables II and IV of ASTM Specification 
B188-47T. (See Appendix 12.) 


9.3.3 Watertube size hard copper tubing used for 
refrigerant piping erected on tne premises shall 
conform to ASTM Specification B88-18, Types K 
or L (see Appendix 13), for dimensions and speci- 
fications. Copper tubing 1⁄4 inch and 3% inch out- 
side diameter having a minimum wall thickness of 
0.025 inch and 0.030 inch, respectively, shall be 
considered as meeting the requirements for this 
copper tubing. 


9.3.4 Soft annealed copper tubing used for ri frig- 
erant piping erected on the premises shall not be 
used in sizes larger than 7, inch outside diameter 
(34 inch nominal). It shall conform to ASTM 
Specification B68-17 (see Appendix 11), and shall 
have wall thicknesses not less than contained in 
ASTM Specification B88-18 (see Appendix 13) for 
Type L. Copper tubing 14 inch and 3% inch outside 
diameter having a minimum wall thickness of 0.025 
inch and 0.030 inch, respectively, shall be consid- 
ered as meeting the requirements for this copper 
tubing. 

9.3.5 Soldered joints on copper tubing used in 
refrigerating systems containing Group 2 or Group 
3 refrigerants shall be made with solders or alloys 
having melting points not less than 1000 F. 


9.4 Joints and Refrigerant-Contaiaing Parts in Air Ducts. 
Joints and all refrigerant-containing parts of a 
refrigerating system located in an atr duet of an 
air conditioning system for human comfort ®hall 
be constructed to withstand, without leakage, a 


temperature of 1000 F. 

9.5 Exposure of Refrigerant Pipe Joints, Ref rigerent 
pipe joints shall be exposed to view for visual in 
spection, excepting when insulated or mechanically 
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protected, or when located in the cabinet of a unit 
system, or installed outside the building, or in a 
tight pipe duct or shaft vented to the outer air. 


9.6 Stop Valves 


9.6.1 General Requirements. All systems containing 
more than 50 pounds of a Group 1 refrigerant or 
6 pounds of a Group 2 or 3 refrigerant, other than 
systems utilizing nonpositive displacement com- 
pressors, shall have stop valves installed as fol- 
lows: 


a) Each inlet of each compressor, compressor 
unit, or condensing unit; 

b) Each discharge outlet of each compressor, 
compressor unit, or condensing unit, and of 
each liquid receiver. 


9.6.2 Systems Containing 100 Pounds or More of 
Refrigerant. All systems containing 100 pounds or 
more of a refrigerant, other than systems utilizing 
nonpositive displacement compressors, shail have 
stop valves, in addition to those in 9.6.1, on each 
inlet of each liquid receiver and each branch liquid 
and suction line except that none shall be required 
on the inlet of a receiver in a condensing unit nor 
on the inlet of a receiver which is an integral part 
of a condenser. 


9.6.3 Stop valves used with soft annealed copper 
tubing or hard drawn copper tubing 3⁄4 inch nom- 
mal size or smaller shall be securely mounted, inde- 
pendent of tubing fastenings or supports. 


9.6.4 Stop valves shall be suitably labelled if it is 
not obvious what they control. Numbers may be 
used to label the valves provided a key to the num- 
bers is located near the valves. 


9.7 Location of Refrigerant Piping 


9.7.1 Refrigerant piping crossing an open space 
which affords passageway in any building shall be 
not less than 714 feet above the floor unless against 
the ceiling of such space. 


9.7.2 Free passageway shall not be obstructed 
by refrigerant piping. Refrigerant piping shall not 
be placed in any elevator, dumbwaiter, or other 
shaft containing a moving object, or in any shaft 


which has openings to living quarters or to main. 


exit hallways. Refrigerant piping shall not be 
placed in public hallways, lobbies, or stairways, 
except that such refrigerant piping may pass across 
a public hallway if there are no joints in the section 
in the public hallway, and provided nonferrous tub- 
ing of 1 inch nominal diameter (11% inch outside 
diameter) and smaller be contained in a rigid metal 
pipe. 


Section 10. DESIGN AND CONSTRUCTION 
OF EQUIPMENT 
(Also see Section 11 for pressure vessels) 

10.1 General 

10.1.1 Every part of a refrigerating system, with 
the exception of pressure gages and contro] mech- 
anisms, shall be designed, constructed, and assem- 
bled to withstand a test pressure not less than the 
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minimum refrigerant leak field test pressure sp 
fied in Table 6 without being stressed beyond ¢ 
third of its ultimate strength. (See 10.2.) 

NOTE: This paragraph establishes a minimum dé 
working pressure in terms of the field test pressure so 
the minimum refrigerant leak field test pressure, spec 
in Table 6, can be safely applied. Rules governing press 
relief devices, pressure-limiting devices, etc., shall be b 
on the design working pressure selected. 

10.1.2 All materials used in the construction 
installation of refrigerating systems shall be $ 
able for conveying the refrigerant used. No m 
rial shall be used that will deteriorate becaus 
the refrigerant, or the oil, or the combinatio1 
both. 

NOTE: Many refrigerants are corrosive to the usual 
terials when moisture or air, or both, are present and 
assumed in approving these materials that the system 
be charged and operated in accordance with accepted ] 
tice, to prevent or minimize this corrosion. 

10.1.3 Aluminum, Zinc, or Magnesium shall no 
used in contact with methyl chloride in a refri 
ating system. Magnesium alloys shall not be ' 
in contact with any Freon refrigerant. 


10.2 Minimum Test Pressures. Every refrigerant- 
taining part of every system, including pres i 
gages and contro] mechanisms, shall be tested 
proved tight by the manufacturer at not less : 
the minimum refrigerant leak field test press 
specified in Table 6. (See 10.3.) 


10.3 Equipment Listed by an Approved Natio 
Recognized Testing Laboratory having a follow-uj 
spection service shall be deemed as meetin 
intent of the requirements of 10.1 and 10.2. 
1.2 and 2.3.1.) 


10.4 Pressure-Limiting Devices 


10.4.1 Pressure-limiting devices shall be prov 
on all systems containing more than 20 pount 
refrigerant and operating above atmospheric ” 
sure, and on all water cooled systems so constr 
that the compressor or generator is capable of 
ducing a pressure in excess of the test pres 
except water cooled unit systems containing 
more than 3 pounds of a Group 1 refrigerant, 
viding the system will safely relieve the refrig 
in case of failure of the water supply or prov 
an overload device will stop the action of the 
pressor before the pressure exceeds one-fifth 
ultimate strength of the system. 


10.4.2 Pressure-limiting devices shall stop 
action of the pressure-imposing element at a` 
sure not more than 90 percent of the pres: 
relief device setting, or 90 percent of the refr 
ant leak field test pressure actually applied, w 
ever is lower. (See 10.2 for minimum refrige 
leak field test pressures.) 


10.4.3 Pressure-limiting devices shall be 
nected, with no intervening stop valves, bet 
the pressure-imposing element and any stop ` 
on the discharge side. 


10.5 Liquid Level Gage Glasses, except those oi 
bull’s-eye or reflex type, shall have automatic 


ng shut-off valves, and such glasses shall be ade- 
ately protected against injury. 


0.6 Dial of a Pressure Gage, when the gage is perma- 
nently installed on the high side of a refrigerating 
ystem, shall be graduated up to approximately 
ouble the operating pressure, butin no case less 
than 1.2 times the design working pressure. 


10.7 Nameplate. Each separately sold condensing 
mit and each compressor or compressor unit sold 
or field assembly in a refrigerating system shall 
arry a nameplate marked with the manufacturer’s 
ame, nationally registered trademark or trade 
ame, identification number, and the name of the 
efrigerant for which it is designed. 


Section 11. REFRIGERANT-CONTAINING 
PRESSURE VESSELS 


1.1 Refrigerant-Containing Pressure Vessels Exceeding 
Inches in Diameter. Refrigerant-containing pres- 
re vessels, except those having a maximum allow- 
ble internal or external working pressure 15 psig 
or less, irrespective of size, or having an inside 
iameter of 6 inches or less irrespective of pres- 
sure, shall comply with the rules of Section VIII 
f the 1949 Edition of the ASME Boiler Construc- 
ion Code (see Appendix 15) covering the require- 
ents for the design, fabrication, and inspection 
uring construction of unfired pressure vessels. 


11.1.1 Code Inspection Exemption. Unfired pressure 

essels within the following volume and pressure 
limits are exempted from the inspection require- 
ents of Paragraph U-65 of Section VIII of the 
1949 Edition of the ASME Boiler Construction 
Code: 


a) 5 cubic feet gross capacity or less designed 
for pressures not exceeding 250 psig; 

b) 11% cubic feet gross capacity or less de- 
signed for pressures exceeding 250 psig; 


but such vessels shall otherwise comply with Sec- 
tion VIII of the 1949 Edition of the ASME Boiler 
Construction Code requirements, including the re- 
quired stamping but omitting the code symbol. The 
foregoing limitations apply to each single vessel, 
and not to an assembly of vessels. 


11.1.2 Pressure Vessels Less Than 5 Cubic Feet Ca- 
pacity. Except as specified in 11.2, pressure vessels 
which are exempted in 11.1.1 from compliance with 
Paragraph U-65 of Section VIII of the 1949 Edi- 
tion of the ASME Boiler Construction Code meet 
the requirements of Section 11 of this code, pro- 
vided: 

a) The details of design and construction shall 
conform with Section VIII of the 1949 
Edition of the ASME Boiler Construction 
Code; 

b) The materials of construction shall comply 
with the provisions of Section VIII of the 
1949 Edition of the ASME Boiler Con- 
struction Code; 

c) Welding operators and welding processes 
shall be qualified as provided for in Section 
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VIII of the 1919 Edition of the ASME 
Boiler Construction Code; 

d) Each vessel shall be tested and stamped in 
aceurdance with the Boiler Construction 
Code with either pneumatic or hydrostatic 
pressure in accordance with Par. U-77 (e); 

e) The certification in 11.1.1 can be met by 
keeping a production series record of mate- 
rial used and tests made. Certification for 
individual vessels, where required, may be 
made by abstracting data from the series 
record by affidavit. 


11.2 Refrigerant-Containing Pressure Wessels Not Ex- 
ceeding an Inside Diameter of 6 Inches, irrespective 
of pressure, shall be listed either individually or as 
part of refrigeration equipment, by an approved 
nationally recognized testing laboratory having a 
follow-up inspection service. Vessels not so listed 
shall be constructed according to 11.1.2. (See 1.2 
and 2.3.1.) 


11.3 Safety Devices. All pressure vessels, irrespective 
of size or pressure, shall be equipped with safety 
devices in accordance with the requirements of 
Section 13 of this code. 

11.4 Standard Hydrostatic Tests. Fusion welded pres- 
sure vessels shall be tested in accordance with Sec- 
tion VIII of the 1949 Edition of the ASME Boiler 
Construction Code. (See also 11.4.1.) 


11.4.1 Pneumatic Tests. Vessels for use in services 
which cannot tolerate the presence of a testing 
liquid and which cannot be readily dried, and the 
parts of which have been previously tested by 
hydrostatic pressure to not less than 11% times the 
design working pressure of the vessel, may be 
given a pneumatic test as prescribed in Paragraph 
U-64(f). Section VIII of the 1949 Edition of the 
ASME Boiler Construction Code. 


Section 12. RELIEF DEVICES IN GENERAL 


12.1 General. Every refrigerating system shall be 
protected by a pressure-relief device unless 80 
constructed that pressure due to fire conditions will 
be safely relieved by soldered joints, lead gaskets, 
fusible plugs, or other parts of the system. 


12.1.1 No stop valve shall be located between any 
automatic pressure-relicf device or fusible plug and 
the part or parts of the svstem protected thereby, 
except when the parallel relief devices mentioned in 
13.2 are so arranged that only one can be rendered 
inoperative at a time for testing or repair pur- 


poses. 

12.1.2 All pressure-rélicf di vices shall be con- 
nected as nearly as practicable directly to the 
pressure vessel or other parts of the system pro- 
tected thereby, above the liquid ré frigerant level, 
and installed so that they are readily accessible for 
inspection and repair and s0 that they cannot be 
readily rendered inoperative. Fuaibli plugs may 
be located above or below the liquid réfngerant 
level. 

12.1.3 The seats and dises of pressure-re héef de- 
vices shall be constructed of suitable material to 
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resist refrigerant corrosion or other chemical ac- 
tion caused by the refrigerant. Seats or discs of 
east iron shall not be used. 

12.1.4 The rated discharge capacity of a pressure- 
relief valve for a refrigerant-containing vessel, 
expressed in pounds of air per minute, shall be 
determined at a pressure at the inlet of the relief 
valve equal to 110 percent of the valve setting in 
accordance with Paragraph UG-131, Section VIII 
of the 1950 Edition of the ASME Boiler Construc- 
tion Code. (See Appendix 16.) 

12.1.5 The rated discharge capacity of a rupture 
member or fusible plug in pounds of air per minute 
shall be determined by the following formulas: 


C = 0.6 P,d? (1) 


or C 
d = 1.29 — 
Py 


where C = minimum required discharge capac- 
ity, in lb of air per min 
d = minimum diameter of bore of fusible 
plug or internal diameter of inlet pipe 
to rupture member in inches 


For rupture members: 

P, = bursting pressure, equal to design 
working pressure, except that for 
13.7 the bursting pressure equals 
1.20 times design working pressure, 
psig 

For fusible plugs: 

P, = saturation pressure, corresponding to 
the stamped temperature melting 
point of the fusible plug or the criti- 
cal pressure of the refrigerant used, 
whichever is smaller, psig 


12.1.6 All pressure-relief devices (not fusible 
plugs) shall be directly pressure-actuated. 

12.1.7 The size of the discharge pipe from the 
pressure-relief device shall be not less than the 
size of the relief device outlet. The discharge from 
more than one relief device may be run into a com- 
mon header, the area of which shall be not less 
than the sum of the areas of the pipes connected 
thereto. 

12.1.8 The length of discharge piping permitted 
to be installed on the outlet of a relief valve, rup- 
ture member, or fusible plug shall be determined 
as follows: 


& Je Gh 
Cc = ———— (2) 
L342 
or 
OIG 
q = —— 
gpz 
where C = minimum required discharge capacity 


in lb of air per min 


d = internal diameter of pipe in in. 
L = length of discharge pipe in ft 
iP = D (P, is defined under 


Equation 1.) 
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(See Table 7 for computations derived from tl 
preceding formula.) 


12.2 Pressure-Relief Devices for Positive Displaceme 
Compressors. Positive displacement compressors a 
erating above 15 pounds per square inch gage al 
having a displacement exceeding 50 cubic feet p 
minute, shall be equipped by the manufactur 
with a pressure-relief device of adequate size a) 
pressure setting to prevent rupture of the compre 
sor, located between the compressor and stop val 
on the discharge side. The discharge from su 
relief device may be vented to the atmosphere | 
into the low pressure side of the system. 


12.3 Discharge of Pressure-Relief Devices and Fusi 
Plugs on all systems containing more than 6 poun 
of refrigerant, other than systems containi 
Group 1 refrigerants in quantities less than shor 
in Table 1, Section 6, shall be to the outside of 1 
building in an approved manner; pressure-rel 
devices may discharge into the low side of 
system provided the relief devices are of a t 
not appreciably affected by back pressures a 
provided the low side of the system is equip 
with relief devices vented to the outside of i 
building in an approved manner. 


12.4 Ammonia Discharge. Where ammonia is us 
the discharge may be into a tank of water wh 
shall be used for no purpose except ammonia i 
sorption. At least 1 gallon of fresh water shall 
provided for each pound of ammonia in the sys 
The water used shall be prevented from freezi 
without the use of salt or chemicals. The ta 
shall be substantially constructed of not less tk 
1% inch or No. 11 U.S. gage iron or steel. 
horizontal dimension of the tank shall be greal 
than one-half the height. The tank shall hi 
hinged cover, or, if of the enclosed type, shall ha 
a vent hole at the top. All pipe connections s+: 
be through the top of the tank only. The discha® 
pipe from the pressure-relief valves shall dische® 
the ammonia in the center of the tank near @ 
bottom. 


12.5 Sulphur Dioxide Discharge. Where sulphur © 
oxide is used, the discharge may be into a tank 
absorptive brine which shall be used for no pi 
pose except sulphur dioxide absorption. There sil 
be 1 gallon of standard dichromate brine ($ 
pounds sodium dichromate per gallon of water) T 
each pound of sulphur dioxide in the system. Bri 
made with caustic soda or soda ash may be u@ 
in place of sodium dichromate, provided the qu 
tity and strength give the equivalent sulphur di 
ide absorbing power. The tank shall be subst® 
tially constructed of not less than 1% inch or 
11 U.S. gage iron or steel. The tank shall havi 
hinged cover, or, if of the enclosed type, shall h® 
a vent hole at the top. All pipe connections si 
be through the top of the tank only. The dischag 
pipe from the pressure-relief valve shall dischak 
the sulphur dioxide in the center of the tank rfl 
the bottom. 


Section 13. RELIEF DEVICES FOR PRESSURE 
VESSELS 


1 General. The rules of this section are based 
oon the rules given in Paragraphs UG-125 to 
G-134, inclusive, of Section VII of the 1950 Edi- 
on of the ASME Boiler Construction Code, with 
ch additional restrictions as are necessary for 
mtrol of refrigerants. 


.2 Pressure Vessels over 5 Cubic Feet. Each pressure 
bssel containing liquid refrigerant with internal 
[ross volume (gross capacity) exceeding 5 cubic 
net and exceeding 6-inch inside diameter, except 
3 specified in 13.4, and which may be shut off by 
alves from all other parts of a refrigerating sys- 
km, shall be protected by an approved pressure- 
plief valve in parallel with a rupture member or 
scond approved pressure-relief valve. Each valve 
rupture member shall be of sufficient capacity 
prevent the pressure from rising more than 10 
Hercent above the design working pressure. (See 
g2.1.1.) 


13.2.1 Relief Devices in Parallel on Large Vessels. 
cases where large pressure vessels containing 
quid refrigerant except as specified in 13.4, re- 
uire the use of two or more pressure-relief devices 
1 parallel to obtain the capacity required by 13.5, 
ie battery of pressure-relief devices shall be con- 
‘dered as a unit, and therefore as one pressure- 
elief device. 


3.3 Pressure Vessels with Gross Volume of 5 Cubic 
Meet or Less. Each pressure vessel having a gross 
blume of 5 cubic feet or less, containing liquid 
Rfrigerant, except as specified in 13.4, and which 
lay be shut off by valves from all other parts of a 
efrigerating system, shall be protected by a pres- 
re-relief device, or fusible plug. This shall not 
Ipply to vessels having an inside diameter of 6 
iches or less listed individually or as a part of 
afrigeration equipment by an approved nationally 
ecognized testing laboratory having a follow-up 
aspection service. (See 1.2 and 2.3.1.) Ifa fusible 
lug is used, the ultimate bursting pressure of the 
essel so protected shall be at least 214 times the 
efrigerant saturation pressure, psig, correspond- 
Rig to the stamped temperature on the fusible plug, 
r at least 214 times the critical pressure of the 
efrigerant used, whichever is the smaller. A 
usible plug is permitted only on the high side of a 
efrigerating system. 


3.4 Relief Devices for Pressure Vessels Used as, or as 
art of, Evaporator. Provisions of 13.2 and 13.2.1, 
hich require a second parallel approved relief 
evice, and 13.3 do not apply to pressure vessels 
sed as, or as part of, evaporators insulated or 
stalled in an insulated space, and which may be 
hut off by valves from all other parts of a refrig- 
rating system. 

3.5 Required Capacity. The minimum required rated 
scharge capacity of the pressure-relicf device or 
usible plug for a refrigerant-containing vessel 
all be determined by the following formula: 


Co OL Equation 3 
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where C = minimum required discharge capacity 
of the relief device in lb of air per min 


D = outside diameter of the vessel in ft 
L = length of the vessel in ft 
f = factor dependent upon kind of refrig- 


erant, as follows: 


Kind of refrigerant Value of f 


Ammonia 0.5 
Freon-12 and Freon-22 1.6 
All other refrigerants 1.0 


13.6 Pressure-Relief Device Setting. All pressure-relief 
devices shall be sct to start to function at a pres- 
sure not to excced the design working pressure of 
the vessel as determined by the manufacturer and 
stamped on the vessel or system. 


13.7 Rupture Member Setting When Used in Parallel 
with Relief Valves. Rupture members used in parallel 
with pressure-relief valves on refrigerant-contain- 
ing vessels shall function at a pressure not to ex- 
ceed 20 percent above the design working pressure 
of the vessel. 


13.8 Other Rupture Member Setting. All other rupture 
members used in lieu of, or in series with, a relief 
valve shall function at a pressure not to exceed the 
design working pressure of the vessel and the con- 
ditions of application shall conform to the require- 
ments of Section VIII of the 1950 Edition of the 
ASME Boiler Construction Code. 


13.9 Marking of Relief Devices 


13.9.1 All pressure-relicf valves for refrigerant- 
containing vessels shall be ‘set and sealed by the 
manufacturer. Each relief valve shall be marked 
by the manufacturer with the data required in 
Paragraph UG-129 (a) of Section VIII of the 1950 
Edition of the ASME Boiler Construction Code. 


13.9.2 Each rupture member for refrigerant- 
containing pressure vessels shall be marked with 
the information required in Paragraph UG-129 
(d) of Section VIII of the 1950 Edition of the 
ASME Boiler Construction Code. 


Section 14. FIELD TESTS 


14.1 General. Every refrigerant-containing part of 
every system that is erected on the premises, ex- 
cept compressors, condensers, evaporators, safety 
devices, pressure gages, and control mechanisms, 
that are factory tested, shall be tested and proved 
tight after complete installation, and before opera- 
tion, at not less than the minimum refrigerant leak 
field test pressures shown in Table 6. 


14.2 Test Medium. No oxygen or any combuatible 
gas or combustible mixture of gases shall be used 
within the system for testing. 

A dated declaration of tet 
should be provided for all systems contamming 50 
lb or more of réfrigerant, where required by ltt 
The declaration should be mounted in a frame, 
protected by glass, and posted m the machin- 
ery room and should pive the name of the 
refrigerant and the feld refrigerant leak tewt pres- 


14.3 Posting of Tests. 
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TABLE 6. Minimum Refrigerant Leak Field 
Test Pressures 


Minimum field 
refrigerant 
leak test pres- 
sures, psig 


High Low 
pres- pres- 
Chemical sure sure 


Refrigerant name formula side side 


Ammonia NH, 300 150 
Butane CH7 95 50 
Carbon dioxide co: 1500 1000 
Dichlorodifluoromethane 

(Freon-12) CCLF:, 235 140 


Dichloroethylene C.H:Cl, 30 30 
Dichloromethane (Carrene No. 1) 


(Methylene chloride) 


Dichloromonofluoromethane 
(Freon-21) 

Dichlorotetrafluoroethane 
(Freon-114) 


CH:Cl, 30 30 


CHCLF 70 40 
C.CL.F. 50 50 


Ethane C:He 1200 700 
Ethyl chloride C:H.Cl 60 50 
Ethylene CH, 1600 1200 
Isobutane (CH;);CH 130 70 


CHCl 210 120 
HCOOCH, 50 50 


Methyl chloride 
Methyl formate 
Monochlordifluoromethane 


(Freon-22) CHCIF. 300 150 
Propane GH, 300 150 
Sulphur dioxide SO, 170 85 
Trichloromonofluoromethane 

(Freon-11) CCLF 30 30 


Trichlorotrifluoroethane 
(Freon-113) C:C1:F; 30 30 


NOTES: 

a) For refrigerants not listed in Table 6 the test pressure 
for the high pressure side shall be not less than the 
saturated vapor pressure of the refrigerant at 150 F. 
The test pressure for the low pressure side shall be not 
less than the saturated vapor pressure of the refrigerant 
at 110 F. In no case shall the test pressure be less than 
30 psig. 

b) When a compressor is used as a booster to obtain a low 
pressure and discharges into the suction line of another 
system, the booster compressor is considered a part of 
the low side, and values listed under the low side column 
in Table 6 shall be used for both high and low side of 
the booster compressor provided that a low pressure stage 
compressor of the positive displacement type shall have 
a pressure relief valve. 


c) In field testing systems using nonpositive displacement 
compressors, the entire system shall be considered for field 
test purposes as the low side pressure. 

sures applied to the high side and the low side of 
the system. The declaration of test should be 
signed by the installer and, if an inspector is 
present at the tests, he should also sign the decla- 
ration. When requested, copies of this declaration 
shall be furnished to the enforcing authority. 


Section 15. INSTRUCTIONS 
15.1 Signs. Each refrigerating system erected on 
the premises shall be provided with an easily leg- 
ible permanent sign securely attached and easily 
accessible, indicating thereon the name and address 
of the installer, the kind and total number of 
pounds of refrigerant required in the system for 
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normal operations, and the refrigerant leak 1 
test pressure applied. 


15.2 Metal Signs for Systems Containing More T 
100 Pounds of Refrigerant. Systems containing m 
than 100 pounds of refrigerant shall be provi 
with metal signs having letters not less than 
inch in height designating the main shut-off va 
to each vessel, main steam or electrical cont 
remote control switch, and pressure-limiting 
vice. On all exposed high pressure and low p 
sure piping in each room where installed out 
the machinery room, shall be signs, as speci 
above, with the name of the refrigerant and 
letters “HP” or “LP”. 


15.3 New Sign for Changed Refrigerant. When 

kind of refrigerant is changed as provided in 

(Substitution of Refrigerant), there shall E 
new sign, of the same type as specified in 15.2, 1 
cating clearly that a substitution has been m 
and stating the same information for the new 
frigerant as was stated in the original. 


15.4 Charging and Discharging Refrigerants. W 
refrigerant is added to a system, except a | 
system requiring less than 6 pounds of refriger 
it shall be charged into the low pressure sid 
the system. Any point on the downstream sid 
the main liquid line stop valve shall be consid 
as part of the low pressure side when opera 
with said stop valve in the closed position. 
service container shall be left connected to a sys 
except while charging or withdrawing refrige 


15.5 Refrigerants Withdrawn from Refrigerating Sy: 
shall be transferred to approved containers i 
(See Appendix 2.) No refrigerant shall be 
charged to a sewer. 


15.6 Containers Used for Refrigerant Withdrawn fi 
Refrigerating System shall be carefully weighed 
time they are used for this purpose, and the 
tainers shall not be filled in excess of the pe 
sible filling weight for such containers and 
refrigerants as are prescribed in the pertinent 
ulations of the Interstate Commerce Commi: 
(See Appendix 2.) 


15.7 Substitution of Kind of Refrigerant in a s} 
shall not be made without the permission of t 
proving authority, the user, and the makers ¢ 
original equipment, and due observance of s 
requirements, including: 

a) The effects of the substituted refrigera: 
materials in the system; 

b) The possibility of overloading the liqui 
ceiver which should not be more tha 
percent full of liquid; 

c) The liability of exceeding motor horsep 
design working pressure, or any othel 
ment that would violate any of the prov 
of this code; 

d) The proper size of refrigerant controls; 

e) The effect on the operation and setti 
safety devices; 

f) The possible hazards created by mixt 
the original ‘ana the substituted refrig 


ffect of the classification of the refrigerant 
as provided in this standard. 


Refrigerant Stored in a Machinery Room shall be 
ore than 20 percent of the nérmal refrigerant 
ed nor more than 300 pounds Of the refriger- 
in addition to the charge in the system and the 
igerant stored in a permanently attached re- 
ər, and then only in approved storage con- 
rs. (See Appendix 2.) 


Masks or Helmets. One mask or helmet shall be 
ided at a location convenient to the machinery 
when an amount of a Group 2 refrigerant be- 
m 100 and 1000 pounds, inclusive, is employed. 
ore than 1000 pounds of a Group 2 refrigerant 
mployed, at least two masks or helmets shall 
rovided. 


.9.1 Only complete helmets or masks marked as 
-oved by the Bureau of Mines of the United 
s Department of the Interior and suitable for 
refrigerant employed shali be used and they 
be kept in a suitable cabinet immediately out- 
the machinery room or other approved acces- 
» location. 


9.2 Canisters or cartridges of helmets or masks 
be renewed immediately after having been 
or the seal broken and, if unused, must be 
wed at least once every two years. The date 
lling shall be marked thereon. 


Maintenance. All refrigerating systems shall 
naintained by the user in a clean condition, 
from accumulations of oily dirt, waste, and 
r debris, and shall be kept readily accessible 
ll times. 


Responsibility as to Operation of the System. It 
l be the duty of the person in charge of the 
nises on which a refrigerating system contain- 
ore than 50 pounds of refrigerant is installed, 
ace a card conspicuously as near as practicable 
ne refrigerant compressor giving directions for 
loperation of the system, including precautions 
e observed in case of a breakdown or leak as 
ws: 


Instruction for shutting down the system in 
case of emergency ; 


The name, address, and day and night tele- 
phone numbers for obtaining service; 


The name, address, and telephone number of 
the municipal inspection department having 
jurisdiction, and instructions to notify said 
department immediately in case of emer- 


gency. 


Pressure Gages should be checked for accuracy 
r to an air test and immediately after every 
sion of unusually high pressure, either by com- 
ison with master gages or by setting the pointer 
etermined by a deadweight pressure gage 
r. 
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TABLE 7. Length of Discharge Piping for Relief Valves 
or Rupture Members of Various Discharge Capacities 


(Based on Equation 2, Paragraph 12.1.8. See also Paragraphs 
13.2 to 13.7, inclusive.) 


Equiv. 

length of Discharge capacity in lb of air per min (C) 

discharge Standard wall iron pipe sizes, in. 
pipe, ft 


(L) % %& 1 14 1% 2 2% 3 


RELIEF DEVICE SET AT 25 PSIG (P) 


50 0.81 1.6 2.9 59 87 16.3 25.3 43.8 
7 0.67 1.4 24 4.9 7.2 13.3 20.9 35.8 
100 0.58 1.2 Z1 4.2 62 11.5 180 30:9 
150 047 095 1.7 3.4 5.0 94 146 25.3 
200 0.41 0.8 Wey) 4.4 8.1 126 2188 
300 0.33 0.67 12 24 3.6 6.6 105 17.9 


RELIEF DEVICE SET AT 50 PSIG (P.) 


50 16 33 5.9 11.9 174 32.5 50.6 87.6 
15 Wyss zai 49 97 143 265 41.8 71.5 
100 IA e 42 84 123 23.0 36.0 61.7 


150 0.94 19 3.5 69 10:0 18.7 282 “506 
200 0.81 1.6 a tS) 8.7 16.3 25.3 43.7 
300 0.66 1.3 Pas) 7) 71 13.3 2107 E57 


RELIEF DEVICE SET AT 75 PSIG (P) 
50 24 49 8.9 17.9 26.1 48.7 75.9 
75 20 41 7.3 14.6 21.4 39.8 62.6 
100 17 35 6.4 12.6 185 344 54.0 92.6 
150 14 2.8 5.2 10.3 15.0 28.0 43.8 75.9 
200 1.2 2.5 44 89 13.1 244 37.9 65.6 
300 09 20 3.7 7.3 10.7 199 31.5 535 


RELIEF DEVICE SET AT 100 PSIG (P) 


50 3.2 6.6 11.9 23.8 34.8 65.0 101.2 175.2 
15 27 54 9.7 19.4 28.6 53.0 83.6 143.0 
100 2.3 4.6 8.5 16.8 24.6 45.9 72.0 123.6 
150 1.9 3.8 6.9 13.7 20.0 37.4 584 101.2 


200 16 3.3 5.9 11.9 17.5 32.5 50.6 S78 
300 es} Cal! 4.9 9.7 142 265 420 "TIA 


RELIEF DEVICE SET AT 150 PSIG (I) 


50 49 99 17.9 35.7 523 97.5 151.8 262.8 
75 40 8.1 14.6 29.2 42.9 79.5 125.4 214.5 
100 35 6.9 12.7 25.2 36.9 G89 108.0 185.4 
150 A S 10.4 29.6 300 56.1 87.4 151.8 
200 2: 4.9 8.9 17.8 26.2 487 75.9 1314 
300 1.9 4.0 7.4 WAG Ziel 39.7 63.0 107.1 
RELIEF DEVICE SET AT 200 PSIG (P) 
50 6.5 13.2 23.8 47.6 69.7 130.0 202.4 350.4 
75 5.3 108 19.4 38.9 457.2 106.0 1672 286.0 
100 46 92 169 33.6 49.2 91.8 144.0 247.2 
150 38 76 13.8 274 40.0 T7418 1164.8 2024 
200 32 65 11.8 23.8 34.9 64.9 101.2 1752 
300 2.6 5.3 98 19.4 2R4 52.9 84 142.8 
RELIEF DEVICE SET AT 250 PSIG (P) 
50 8.1 16.5 29.6 59.6 87.1 92.5 2639 484-0 
75 6.7 13.5 243 48.6 716 1325 209.0 57.6 
100 5.8 11.6 21.2 42.0 Gh6 1 148 1800 309 0 
150 47 9.6 173 W3 MOO 93.6 146 o 253 0 
200 4.1 8.2 148R 29.7 487 RIZ 126 5 219 0 
300 gg et) 123 243 356 G62 19%) 1 7R 
RELIEF DEVICE SET AT oo PSIG (m) 
9.7 9 357 714 108. 1950 nG na 
n T e 291 THA RER IP90 2505 4Po0 
ioo «69 13.9 Zma BOM $o iag zua NS 
150 Bh 113 200 U i m, t: A b S : 
ar. 62 97 4 DIR SWE! 
200 4.9 Q.R 17.8 356 es wt: 


300 3.9 7.9 147 29.1 12.6 TM 


wR 
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29-8. CAPILLARY TUBE 
REFRIGERANT CONTROLS * 


The introduction of Freon-12 re- 
frigerant together withthe development 
of a successful hermetic compressor 
has made possible the prevalent use of 
the capillary tube as a device for con- 
trolling the flow of refrigerant to the 
lowside. Today practically all of the 
domestic refrigerators being built, and 
many of the smaller size package-type 
hermetic commercial refrigerating 
systems built by high mass production 
methods employ a capillary tube to the 
almost complete exclusion of the float 
valve, the expansion valve and other re- 
frigerant metering devices. 


ADVANTAGES OF THE CAPILLARY 
TUBE 


The reason for this popularity with 
the manufacturers of package-type re- 
frigerating systems is obvious when 
one considers the cost saving charac- 
teristics and other advantages of the 
capillary tube. The most outstanding 
characteristic of the capillary tube is 
its simplicity. It is simply a small 
diameter liquid line connecting the high 
side to the low side and is usually 
soldered to the suction line for heat 
exchange purposes. Because of the 
pressure drop caused by the length 
and the small bore of the tube, it con- 
trols the flow of refrigerant to the 
low side. This is a marvel of simpli- 
city. There are no moving parts and the 
capillary is merely substituted for the 
conventional liquid line. In addition, the 
unloading characteristic of the capil- 
lary tube (1) reduces the amount of 
refrigerant charge required and makes 
possible the elimination of the liquid 
receiver and (2) permits the use of a 
split-phase hermetic motor compres- 
sor. Split-phase motor compressors 
are recommended for use only witha 


*Courtesy of Universal Cooler Corp. 


device such as a capillary that allows 
the lowside and highside pressures to 
equalize during the off cycle, thereby 
reducing the starting torque require- 
ments of the motor. 

These are compelling reasons for 
using a capillary tube whenever pos- 
sible ona hermetic refrigerating sys- 
tem that is mass produced for a highly 
competive market. 


PRECAUTIONS NEEDED IN APPLY- 
ING CAPILLARY TUBE 


The serviceman may often wish to 
convert an old refrigerating system 
from a float valve or expansion valve 
to a capillary tube in order to make 
possible the use of the split-phase — 
hermetic compressor or condensing — 
unit, or he may wish to replace some 
of the components of a system that al- 
ready uses a capillary. In order to do 
this successfully in the field or ser- 
vice shop, extreme caution is neces- 
sary. In spite of the apparent simpli- 
city of the capillary very careful bal- 
ancing of the system is required to in- 
sure satisfactory performance. Im- 
proper balance of the system will be 
evidenced by excessive running time, 
abnormal operating pressures or by 
extreme difficulty in adjusting the re- 
frigerant charge properly. 

First, both the highside and lowside 
must be suitable for use with a capil- 
lary tube. Second, the capillary must 
be properly matched to the capacity of 
the condensing unit. Third, high stan- 
dards of cleanliness and dehydration 
during processing are essential, Fail- 
ure to take these factors into account 
will inevitably result in unsatisfactory 
performance and unless the serviceman 
is able and willing to do a good job he © 
would do well to avoid the capillary 
tube completely. 


THE FIRST STEP - DESIGN OF HIGHS 
SIDE AND LOWSIDE 
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LOWSIDE APPLICATION 


COND. UNIT HIGH( 30° F.) MEDIUM(10° F.) LOW( -10° F.) 
Pd 
oe 5! of 0.031",or 10! "or 
We mp. sao o o 91 of AGREE 200 Geo hed 
8' of 0.042",or 18' of 0.022". =i ae 
161 of 0.049". 3 z 
- - 8' of 0.031" yer 
1⁄5 H.P. = 6' of 0.036",or 16' of 0.036" 
21 o OAN ae 12" of 0.022", - 
10' of 0.049". = = 


29-19. Approximate capillary tube sizes. 
(Tecumseh Products Corp.) 


During certain portions of the oper- 
ating cycle, the compressor may pump 
more than a capillary can pass. This 
will result in liquid refrigerant back- 
ing up in the highside. If aconventional 
receiver is used, most of the refriger- 
ant will accumulate here; therefore, to 
prevent possible short charging of the 
lowside during portions of the operat- 
ing cycle the conventional liquid re- 
ceiver should be omitted. For this 
reason, capacitor-type units employing 
a receiver are not recommended for use 
with a capillary tube. In the event thata 
hermetic condensing unit is being re- 
worked for capillary tube application, 
not only should the receiver be omitted 
but also all liquid traps in the highside 
should be avoided to insure rapid un- 
loading of the highside during the off 
cycle of the compressor. 

Design of the lowside is equally im- 
portant. The lowside should be of the 
type that will satisfactorily operate on 
a comparatively small amount of re- 
frigerant, preferably less than one 
pound, in order not to impose excess- 
ive loads on the condensing unit dur- 
ing pulldown. This is especially im- 
portant because of the necessity of 
operating without a receiver. If the 
evaporator is of the dry type, a liquid 
accumulator will usually be required to 
allow for some variation inrefrigerant 
charge. 

Because of the relatively large re- 


frigerant charge required by evapora- 
tors designed for use with the float 
valve, such evaporators are not usually 
suitable for capillary applications, 
therefore, it is not generally recom- 
mended that capillary tubes be applied 
to evaporators of this type unless the 
charge requirements are less than one 
pound refrigerant. 


THE SECOND STEP - 
SELECTION 


CAPILLARY 


Although good engineering practice 
demands that the proper capillary be 
determined by laboratory tests foreach 
piece of equipment at standard operat- 
ing conditions, this procedure is not 
practical from a serviceman’s stand- 
point; however, as a result of numerous 
tests made by Universal Cooler, it is 
possible to recommend the approximate 
capillary tube to be used with the Uni- 
versal Cooler 1/8 H.P. and 1/5 H.P. 
split-phase condensing units and com- 
pressors for the particular lowside ap- 
plication. Fig. 29-19 gives capillary 
recommendations in tabular form and 
enables one to choose a capillary tube 
best suited to the application. Approxi- 
mately four feet of the capillary tube 
must be SOLDERED to the suction line 
to provide good heat exchange and to 
stabilize the metering action of the 
capillary tube. The remaining capillary 
should be coiled in the unit compart- 


ment. 
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These recommended lengths and 
bores are based on the assumption that 
a four foot section of the capillary will 
be soldered to the suction line as shown 
in the sketch, Fig. 29-20, Recommended 
lengths will not apply if this is notdone 
or if certain patented prefabricated as- 
semblies of equivalent flow resistance 
are used. Most satisfactory operation 


To highside dryer 


To evaporator 
Excess capillary 


4 Feet 
Soldered fur heat exchange 
Suction line 


29-20. A typical replacement capillary tube and suction 
line. 
(Tecumseh Products Corp.) 


will be obtained if the recommendations 
in the table are followed rather than to 
work ‘‘blindly’’ with prefabricated 
capillaries or adjustable restriction 
devices. 

Insufficient capillary will give poor 
overall efficiency due to the blowing of 
some uncondensed gas through the 
capillary; on the other hand, too much 
capillary will result in liquid refriger- 
ant backing up in the high side, thus in- 
creasing the discharge pressure and 
short charging the low side. Thus, 
proper matching of the capillary to the 
compressor is essential to insure sat- 
isfactory performance of the system. 


THE THIRD STEP - CAREFUL PRO- 
CESSING 


It is obvious that extreme care 
must be taken to insure a dry, clean 
system. The hermetic condensing unit 
is bone dry and clean when it leaves 
the factory; however, it will be neces- 
sary to make sure that no moisture or 
dirt enters during the installation and 
that the rest of the refrigerating sys- 
tem is dry and clean before final as- 
sembly to the unit. As an additional 
precaution an approved high side drier 


incorporating a strainer must be locat- 
ed ahead of the capillary. The use ofa 
commercial anti-freeze agent is not 
recommended and its use will void the 
warranty. 

All air must be exhausted from the 
system before the final refrigerant 
charge is introduced. Inasmuchas most 
condensing units contain F-12 holding 
charge the recommended procedure is 
to blow the lowside and connecting lines 
free of air with a purge of F-12 before 
connecting to the highside. Then, before 
final charging, the system should be 
evacuated through the charging valve. 
If evacuating equipment is not avail- 
able, the suction line flare connection 
at the valve should be left loose and the 
discharge service valve opened toallow 
the F-12 gas charge in the high side to 
sweep through the lines and lowside, 
purging any remaining air from the 
system. 

Finally, the system must be charged 
with the proper amount of refrigerant. 
Unlike the float valve or expansion 
valve system which provides for con- 
tinuous storage of surplus refrigerant 
in the highside, the capillary systemis 
especially criticalas regards refriger- 
ant charge. The best method is to 
charge refrigerant slowly into the sys- 
tem with the unit running until frost 
forms on the suction line to a point 
just beyond the outlet of the evaporator. 
To avoid overcharging of the system, 
it is important that there be no refrig- 
erant backed up in the high side during 
the final adjustment of the refrigerant 
charge. 

This condition can be determined by 
noting the temperature difference be- 
tween the first few and the last few 
rows of the condenser. If the last few 
rows are noticeably cooler to the touch 
you can feel sure that liquid refriger- 
ant is backed up in the condenser, in- 
dicating either a restriction or poor 
selection of the capillary. The charge 
should then be checked later on after 
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the system has cycled to be sure this 
frost line is being maintained. If the 
system is overcharged, frost or heavy 
sweat will form on the suctidén line be- 
yond this point. If the system is under- 
charged, frosting of the suction line or 
evaporator will cease somewhat ahead 
of that point. Another test to check the 
charge is to shut off the compressor 
for a few moments until the liquid re- 
frigerant has drained fromthe highside 
and has passed out through the capil- 
lary to the lowside. If the system is 
properly charged there will be no in- 
dications of severe overcharge when 
the unit is restarted. 

In summary, although the proper 
application of a capillary requires con- 
siderable design and test in the lab- 
oratory to achieve the best balanced 
system with maximum operating ef- 
ficiency, it is possible for the ser- 
vice shop to make successful conver- 
sion to a capillary providing the ser- 
viceman is willing to follow the in- 
structions outlined above, viz: 


(1) Be sure that both the high side 

and the low side are properly 

designed for capillary applica- 

tion. 

Make the proper capillary se- 

lection. 

(3) Process carefully to insure a 
clean, dry job properly charg- 
ed with refrigerant. 


UNLESS THE SERVICEMAN IS ABLE 
TO COMPLY WITH THE INSTRUC- 
TIONS OUTLINED, CONVERSION TO 
OR REWORK OF A CAPILLARY SYS- 
TYM IS NOT RECOMMENDED. 


(2) 


The data in Fig. 29-19 holds only if 
approximately four feet of capillary 
are soldered to the suction line topro- 
vide heat exchange and to stabilize the 
metering action of the capillary. The 
excess capillary, not used for heat ex- 
change, should be coiled inthe machine 
compartment as shown in Fig. 29-20. 


29-9. SYSTEM FOR DETERMINING 
DRYNESS OF REFRIGERANTS * 


The DFN Moisture Indicator Figure 
is 17-40, a laboratory test instrument 
for use as a production and Service 
tool. In a matter of minutes it shows 
the moisture vapor concentration in 
the refrigerant and the LOWEST TEM- 
PERATURE at which the SYSTEM can 
be SAFELY OPERATED. 

The INDICATOR CARTRIDGE con- 
tains DRIERITE, specially treated with 
coloring agent - GREEN when DRY - 
PURPLE when WET. The time required 
for the indicating crystals to change 
color determines the point at which the 
refrigerant or any gas will release 
water. 

Any gas holding water in the vapor 
state, when cooled, will reach a tem- 
perature at which free moisture (Liquid 
water) willappear. The greater the con- 
centration of water vapor in a gas, the 
higher the temperature at which water 
will be released. This freeing of mois- 
ture is readily shown by frost on cold 
lines, beads of water on glasses of cold 
liquids and in the refrigeration system 
by frozen expansion valves. Free water 
must be present before ice can be 
formed. The highest temperature at 
which free water is liberated, on cool- 
ing, is called the DEW POINT. Fora 
given moisture concentration in a gas 
there is only one Dew Point tempera- 
ture. Knowing the Dew Point of a re- 
frigerant determines the lowest tem- 
perature at which the expansion valve 
will operate satisfactorily. 


HOW DRY SHOULD THE SYSTEM BE? 


A - To prevent the formation of sludges 
and plating - Dew Point should be 
-10 Fon lawen: 

B - To prevent valve freeze up it should 
have a dew point 5 F. lower than the 
suction temperature. 


* Mentir ( ! ( 
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C-For safe operation the dew point 

must be = 10 F, or lower for all 
systems operating at asuctiontem- 
perature of - 5 F. or above. 
Where suction temperature is bee 
low - 5 F. the dew point must be 
5 F. lower than the suction tem- 
perature. 


INSTRUCTIONS 
FOR ASSEMBLY AND OPERATION 


ASSEMBLY 


Assemble unit without cartridge as 
shown in Figure 17-42 using non-dry- 
ing pipe compound on { in. male pipe 
threads. Remove gauge port plug and 
purge out free oil lodged in port. At- 
tach assembly to suction gauge if sys- 
tem is operating above 10 lb. back 
pressure. If operating below 10 1b. 
attach to discharge gauge port. Crack 
metering valve and allow gas to purge 
slowly through the unit for at least 20 
seconds. Close metering valve. Put top 
felt in place, using tweezers, as moist- 
ure from the hands may contaminate 
it. Remove caps from indicator cart- 
ridge and install as shown. Hold wet 
finger tip 4 in. above indicator cart- 
ridge and crack metering valve. If 
cold vapor can be felt sufficient gas 
is passing through cartridge. 

CAUTION - Do not open metering valve 
further as liquid oil and/or refrigerant 
may be passed into the indicator cart- 
ridge and spoil it beyond use. 


TEST 


For checking systems operating at - 
10 F. and above, watch crystals change 
to purple, shut metering valve and check 
time of test. Refer to chart below and 
you will find condition of the refriger- 
ant. Leaving metering valve open to 
show added color just uses up the 
cartridge and does not prove anything. 


It is the time taken to start color change 
that counts. 

FOR CHECKING SYSTEMS OPERAT- 
ING BELOW - 10 F, - Blow into cart- 
ridge to give purple indication or take 
a partly used cartridge and install in 
indicator unit with purple coloring at 
the bottom. Crack valve, as stated 


above, and watch for the crystals to 
TIME REFRIGERANT 
MINUTES DRY TO °F. 
DEW POINT 
Df green cartridge I 20 
starts to show pur- 2 0 
ple in the follow- 4 -10 
ing time 
If purple in cart- 1/2 -60 
ridge starts to a -50 
fade in the follow- 2 -40 
ing time 3 -30 
No color changes 5 -15 


either way 


29-21. Table of time intervals for color indication. 


(McIntyre Co.) 


fade or pale out. When this starts close 
metering valve and check time. Refer 
to Fig. 29-21 to check condition of re- 
frigerant. 


Fig. 29-21 is for new cartridges and 
varies slightly for cartridges that have 
been used, 


Color change of the small particles in 
cotton should not be considered a true 
test. These minute particles are almost 
pure, indicating chemical and its color 
change does not provide an accurate 
indication of the moisture condition of 
the system. Moisture Indicator can be 
used in a like manner to check refrig- 
erant in service drums, low sides and 
dry air for purging. 


CAUTION 


Mount indicator assembly vertical with 
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outlet at the top. Keep all parts as clean 
and dry as possible. Do not run test 
with cap on top as glass will not stand 
high pressure. By limitirg test to a 
few grains indication, cartridge may be 
used several times if recapped and kept 
in a dry place. 


Take assembly apart after test and 
flush out any oil which may have ac- 
cumulated during test. 


Indicator effective on Methyl Chloride 
and Freon gases. Do not use on Sul- 
phur Dioxide or Ammonia. 


san 


29-22. Psychrometric behavior of the air in an evap- 
orative condenser. 
(Baltimore Aircoil Co., Inc.) 


Check expansion valve to determine if 
it is installed inaccordance with manu- 
facturers’ instructions. 


29-10. REFRIGERANT AND AIR 
CHANGES IN EVAPORATIVE 


CONDENSER 


An evaporative condenser is de- 
scribed in Chapter 19. Suchcondensers 
are used because they provide lower 
head pressures than air cooled con- 
densers and they use less water than 
water cooled condensers. AS mentioned 
previously, they are popular where 


localities restrict the use of water for 
cooling purposes. 

The evaporative condenser is based 
on the principle that one pound of water 
absorbs approximately 1000 Btu. per 
pound as it evaporates. This value com- 
pared to the specific heat of water of 
1 Btu. per pound per F gives some in- 
dication of the water saving. Further- 
more, the water evaporates intotheair 
and the water cools to its wet bulb 
temperature, Fig. 29-22. 

The air enters the evaporative con- 
denser at (A) is cooled to temperature 
(B) but becomes saturated with moist- 
ure in the internal. The saturated air 
then travels over the condenser tubes 
against the water spray and exits atthe 
blower at temperature (C). Note that 
(B) has a lower dry bulb than (A) and 
therefore the condenser temperatures 
and pressures are lower than if air at 
(A) were used for cooling only. 

Fig. 29-23 shows the path of the re- 
frigerant in the condenser tubes of the 
evaporative condenser. The gas enters 
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29-23. The heat content, the pressure and the m. S 
perature change of the refrigerant as it passes througk 


an evaporation condenser. 
r \ 
(Ba tmere A'r C n 


the condenser at (A) ina superheated 
condition. The gas cools tothe saturat- 
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ed vapor line and then condenses along 
line (B) to (C). The final cooling to the 
room or ambient temperature takes 
place (E) to (D). The line (B) to (C) 
would be at a higher temperature ifthe 
condenser were air cooled. 


29-11. HEAT CONDUCTIVITY 


CONDUCTIVITY 
Miscellaneous Substances 


Material 


(Courtesy of: Amarican Sociaty of Refrigerating Engineers) 


HEAT CONDUCTIVITY 
Miscellaneous insulating Materials 


Density K Con- 


f/cu. ft. 


Material 


RH non cous Dae ene eee 
Glasa woo) (curled pyr 
Mineral (slag) wool, 
Rock wool (fibrous rock, also felted). 


Sawdust, pine. s. 0.00 ccee scene eee eee eee tes ‘ A 
Straw fibres, pressed... . o. eseese eerren rrente Pd 
Wood fibres (kingia australis)............---++0005: 


With, PUGho cas acpsacaooumam er oue Roe e a oeD 
Note: K=BTU/sq. ft./hr./°F. for a 1” thickness 
Society of Refrigerating Enginesre) 


(Courtesy of: Amarican 


CONDUCTIVITY OF PROPRIETARY MATERIALS 


Density 
#/cu. ft. 


Trade Name 


Nu Wood...... ... 
United's 100% pure Corkboard . 

U. S. Minera] Woo 

Ferro Therm metal sheet(4 sheets). . 


(Courtesy of: Amarican Society of Refrigerating Enginsors) 


29-12. BRINE FREEZING 
TEMPERATURES 


ALCOHOL (Formula No. 1) 
Temperature °F. (Freezing) 
Specific Gravity at 60°F. 
GLYCERIN 
Temperature °F. 
Specific Gravity at 60°F. 
CALCIUM CHLORIDE 
Temperature °F. (Freezing) 
Specific Gravity at 60°F. 


—20° 
9345 


—10° 
. 9486 


10° 0? 
-9691 9592 


—20° —30° 
1.187 1.151 


—10° 
1.123 


10° 0° 
1.082 1 105 


20° 
1 056 


(Freezing) 


—20° 
1.227 


—10° 
1.201 


20° 
1.090 


10° 0° 
1.140 1175 


29-13. SEALING INSULATIONS 


The most serious problem with any 
insulation is to keep the insulation dry. 
The moisture that cancollectininsula- 
tion is always present in the air. When 


ductivity 


the air on one side of a structure is 
more moist than on the other, the pres- 
sure difference (vapor pressure) is 
quite high. The moisture will then seek 
its way through the smallest opening 
and then condense in the colder area if 
the temperature is below the dew point 
temperature, 

It is most important therefore toin- 
stall a vapor seal on the warm side of 
the wall and also to allow any moisture 
that does get into the insulation to 
easily reach the cooling coil. 


29-14. THERMO ELECTRIC 
REFRIGERATION 


One explanation of why direct cur- 
rent electrical flow from one conductor 
to another of a different material will 
produce a lower temperature, is that 
as electrons flow from a more active 
atom to a lower activity atom, these 
electrons must slow up and in the act 
of slowing down release energy in the 
form of heat. Therefore electrons which 
flow from a lower activity atom to a 
igher activity atom must speed up. 
hile doing this, the electron acquires 
energy (absorbs heat) and the joint be- 
comes cooler. These connections are 
called hot junctions and cold junctions. 


When electricity is passed through 
these materials to produce temperature 
changes it is called the Peletier effect. 

When heat is applied to sucha junc- 
tion of unlike materials the electrical 
flow (or electrical unbalance) is called 
the Seebeck effect. 

It has been discovered that some 
materials which are not classified as 
good conductors ( semi-conductors ) 
give better results in producing ther- 
mo electric refrigeration than do mate- 
rials which are classified as good con- 
ductors. 

It is understood then that electron 
flow is both electrical energy flow and 
heat flow. 
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ANSWERS TO PROBLEMS 

AND QUESTIONS 

10.7 pounds per square inch 
Absolute. 

9.43 cubic inches. 


135 pounds per square inch 
gauge. 

150 cubic inches. 

970 Btu. 


58.46 pounds of sulphur dioxide. 
2.7 inches of vacuum. 

11 pounds per square inch or 22 
inches of mercury. 

17.5 pounds per square 
Absolute. 

1668 pound gauge. 


inch 


>o GA To GO 45 F, 
. The pressure exerted uponit. 


0 pounds per square foot gauge 
or 2116.8 pounds per square foot 
Absolute. 


. Below. 
. It is solidified carbon dioxide. 
. No, because it will create apres- 


sure up to 1000 pounds per square 
inch gauge if sealed in and would 
burst any ordinary container. 
Dry ice will absorb a little more 
than twice the heat waterice will. 
Yes, dark colors absorb more 
and radiate more than bright 
colors. 

A house being heated by a hot 
air furnace. 

Copper is a much faster con- 
ductor of heat. 


ANSWERS TO REVIEW 
QUESTIONS 


. From the gauge: 1/8 FP x 1/4 


MF adapter, 1/4 flare nut, 1/4 
tubing, 1/4 flare nut, 1/4 MF x 
1/4 MP. 


. The tubing should be cut square, 
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12 
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. No, 


and all chips and burrs should be 
removed, 


. The 1/4 in, uses 7/16 in. threads: 


the 3/8 in. uses 


threads; and 
the 1/2 in. uses 


threads. 


. Copper tubing usually has a ,035 


in. wall thickness although .032 
in, thickness tubing is approved 
for some uses. The I.D. for 1/4 
in. O.D. tubing is therefore 
.250 — (,035+.035) = .250 —070 = 
.180 inches. 


. Working copper hardens it be- 


cause the grains slip on cach 
other making it more difficult to 
bend (slip bands). 


. The copper tubing end is fre- 


quently filed to remove the burr 
and to provide full wallthickness 
of the tubing at the end. 


. Twist the spring to increase its 


diameter. 

Flux only keeps metal clean 
and from oxidizing. The metal 
must be cleaned by clean tools 
(Scrapers, sandpaper, steel 
wool, etc.) 

The metal must be heated to 
slightly above the melting tem- 
perature of the solder. 

To remove the flux which would 
otherwise corrode the joint and 
also injure the inside of the re- 
frigerating system. 

The brazing flux becomes clear 
and transparent. 
One should always 
point socket if possible. 

It is always considered safer to 
pull on a wrench. 

By usinga special 45 degree flare 


use a 12 


reamer. 
Put the thermometer in an ice 
and water mixture (distilled 


Sy 


Lio 
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water). The thermometer should 
read 32 F. 

The compound gauge is to enable 
one to read pressures either 
below or above atmospheric 
pressure. It is used for measur- 
ing evaporating pressures. 

If there is anappreciable amount 
of wax, this wax will separate at 
the refrigerant orifice; andit will 
tend to clog same. 

Never fill the cylinder more than 
80 per cent full of liquid refrig- 
erant; otherwise the cylinder 
may burst from hydraulic pres- 
sure. 

A double cut file is used for 
rapid rough filing. It has two 
rows of file teeth across the face. 
1, End wrench, 2. Swivel handle, 
ratchet socket, 3. Box wrench, 
4, Sliding - T handle, 5. Ratchet 
handle and socket, 6. Extension 
and ratchet, 7. Torque handle, 
8. Pin punch, 9. Flex handle, 
10, Sliding - T handle, 11. Phil- 
lips head screwdriver, 12, Com- 
bination box and openend wrench, 
13. Slim nose pliers, 14. Box 
wrench, 15. Cold chisels, 
16. Combination pliers, 17. Uni- 
versal joints, 18. End wrench. 


ANSWERS TO REVIEW 
QUESTIONS 


rive: 
. (1) Compressor, (2) condenser, 


(3) liquid receiver, (4) liquid 
line, (5) refrigerant control, (6) 
cooling unit, (7) motor control, 
(8) suction line. 


. (1) Cooling unit, (2) motor con- 


trol, and (3) suction line. 


. (1) Compressor, (2) condenser, 


(3) liquid receiver, (4) liquid 
line. 
. (1) Reciprocating, (2) rotary, 


(3) gear, (4) centrifugal. 


. Hermetic or semi-hermetic. 
. AS a gas 


is compressed the 
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molecules are hit by the com- 
pressing device and thus travel 
faster, which is the meaning ofa 
higher temperature. 


. To keep the high pressure from 


backing up into the cooling coil. 


. To enable the heat tobe removed 


from the condenser efficiently. 


. A dry cooling coil. 
11. 


T23 


The motor control. 

(1) Automatic expansion valve, 
(2) thermostic expansion valve, 
(3) capillary tube, (4) low pres- 
sure side float, and 
pressure side float. 
The eccentric crankshaft has a 
larger bearing area and runs 
smoother. 

.0001 inch to .0005 inch. 

Very small, .010inchto .020inch 
clearance is allowed. 
Approximately .010 inch to .015 
inch, 

A low side float maintains a con- 
stant level of liquid refrigerant 
on the low pressure side or one 
may say it maintains a constant 
quantity of liquid refrigerant on 
the low pressure side. 

The expansion valve maintains a 
constant pressure on the low 
pressure side while the com- 
pressor is running. 

The high side float maintains a 
constant level of liquid refriger- 
ant on the high pressure side. 
The purpose of the crankshaft 
seal is to make the joint, wherea 
crankshaft enters the compres- 
sor, leak proof. 

Another word for evaporation ofa 
liquid is boiling or vaporizing. 
Copper tubing or steel tubing is 
used for refrigerant lines. 

The capillary tube reduces the 
pressure by offering a resistance 
to the flow of liquid. 

The condensing pressure stops 
rising when the condenser con- 
denses a number of molecules 


(5) high: 
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equal to the number pumped into 
it. 

A low pressure and) liquid re- 
frigerant must both’be present to 
produce refrigeration. 


ANSWERS TO REVIEW 
QUESTIONS 


. The compressor moves the evap- 


orated gas to high temperature 
--high pressure level where the 
gas may then be easily cooled and 
converted to a liquid. 


. The compressor will be more 


compact and smoother. 


. A full floating piston is free to 


turn in either the piston bosses 
or in the connecting rod bushing. 


. The weight of the valves inter- 


feres with the gas flow; therefore 
the lighter they are, the better. 
A soft metal to a hard metal 
polished surface in rubbing con- 
tact forms a leak proof joint. 
Pistons are most commonly 
made of cast iron. 


. Any gas left in the cylinder atthe 


end of the exhaust stroke is lost 
gas pumped and reduces the gas 
volume capacity of the compres- 
sor. 


. The compressor cylinder may be 


cooled by air, or water or both. 


. The motor and compressor as- 


sembly is mounted on springs 
inside of the sealing dome. 
Hermetic motors are either 
cooled by pressing the stator in 
the dome to allow heat to flow to 
the dome, or the evaporated and 
cool gas is made topass over the 
coils before it is picked upby the 
compressor. 

No, it is not. It reciprocates in 
its slot. 

Four of each. 

The accuracy of the fit between 
the roller and the cylinder de- 
pends completely onthe accuracy 
of the main bearing fits. 


14, 


15. 


16. 


17, 


18, 


19. 


20. 


Nothing. It does have a check 
vaive in the suction line to pre- 
vent the movement of oil and hot 
gas back into the cooling unit 
during the off cycle. 

The cavity near the axis of the 
shaft can be used as an oil pump 
as the blade moves in and out of 
its slot. 

Yes. The Norge Rollator used 
this type seal for years. 

The blades are made of carbon 
to reduce weight and noise. The 
carbon also has a Self lubricating 
quality and is very fast seating 
to provide a more efficient com- 
pressor. 

If the compressor Shaft is bent, 
the journals will not align them- 
selves with the main bearings 
and will wear rapidly; the seal 
will leak very soon; and the 
clearance pockets if not the fits 
of the pumping parts will not be 
correct. 

No. The compressor works on the 
principle of centrifugal force and 
valves are not necessary. 

It revolves at a higher speed 
because the efficiency increases 
as the speed is increased, 
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QUESTIONS 

Float calibration is to have the 
necdle close at a definite float 
level or position. 

Four. Atmosphere pressure, low 
side pressurc, adjusting spring, 
force, and needle return spring 
force. 

To enable the same valve to be 
used for differènt refrigerants 
and also to adjust for different 
altitudes. 

The low side float system, the 
automatic expansion valve, and 
the thermostatic expansion valve 
are the ones that can usea vary- 
ing refrigerant charge. 
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expansion valve 
superheat is that temperature 
difference between the liquid re- 
frigerant in the cooling coil and 
the thermal bulb temperature. 


. Approximately 20%, This amount 


evaporates and cools the re- 
maining 80% liquid to cooling 
unit temperatures. 


. This charge must be the same 


refrigerant as that used in the 


system, to insure a constant 
superheat. 

Between a 60 and 100-mesh 
screen. 

In the late 1920’s. 

Brass. 


The thermal bulb will not be able 
to react in time to keep a con- 
stant superheat, and the unit will 
frost back and starve inter- 
mittently. 

It is usually fastened by means 
of an SAE flare connection 
although large units use a solder- 
ed joint and flange. 

To aid thé removal of oil that 
collects there. 

It is a needle and seat combina- 
tion, removable in one piece. 
Either by bending the float arm 
or by using an adjusting screw 
provided. 
Usually steel, 
brass, 
Excessive head pressure. 
Either a weight check valve is 
used at the cooling unit end of the 
liquid line or a capillary tube 
carries the refrigerant to the 
coiling coil. In either case this 
tubing is insulated. 


but occasionally 


To permit the proper amount of 
refrigerant as the unit runs and 
to reduce the refrigerant pres- 
sure from the high pressure 
level to the low pressure level. 

It reduces the pressure by fric- 
tion, first of the liquid refriger- 
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ant, and then of the liquid and gas 
in combustion, 

No, because all the refrigerant 
moves into the low side during 
the off-cycle. 

The resistance increases as the 
tube length is increased and the 
amount of refrigerant flowing 
will decrease, 

Yes, it is very important thatthe 
refrigerant be cleaned of any 
foreign matter before the re- 
frigerant enters the tube. 

Yes, by winding the tube in a 
tighter helix or by changing the 
cross section of the tube. 

Rotary compressor systems. 


ANSWERS TO REVIEW 
QUESTIONS 


. The thermostatic motor control, 


because a pressure motor con- 
trol cannot operate with a con- 
stant low side pressure, 


. Because they both operate from 


changing pressures. 


. It maintains a useful tempera- 


ture in a cabinet, and it controls 
the cycling intervals of the me- 
chanism. 


. There are three. 
. Any volatile fluid. 
. An external switch must be pro- 


vided to disconnect the starting 
winding after the motor comes 
up to speed. 


. The range adjustment affects the 


temperature of the coil and there- 
fore the fixture. 


. The differential adjustment con- 


trols the cycling interval. 


. Various types of heat responsive 


switches are put in the circuit. 
These switches will open if the 
unit draws too much current, or 
if the compressor or motor gets 
too hot. 


a 


13. 
14, 
15. 


16. 


Wi. 


18. 


19. 


20. 


2), 


22. 


23. 


24. 


29. 


7-60. 


ANSWERS IO REVIEW QUESTIONS 


Magnetic 
starter. 
Three., r 
A screwdriver with-spécial pro- 
visions for holding the screw 
while it is being inserted. 

By uSing a special tool whichin- 
corporates a refrigerant tube, a 
thermometer and a thermostat 
bulb clamp. 

A device must be used to dis- 
connect the starting winding when 
the motor reaches a safe speed, 
and this device usually mounted 
outside the hermetic dome. 
Voltage drop is that amount of 
voltage lost overcoming the re- 
sistance to the current flow in 
any wire or electrical device. 
The resistance of the loose con- 
nection acts as a heating coil, 
and the connection becomes warm 
or even hot enough tocause com- 
bustion. 

The amperage magnetic relay 
has the larger wire in the coil. 
No. It does not use gravity in its 
functions but relies on spring 
tension, 

A fine mill file or dry sand 
paper. 

To help trace circuits and to aid 
following the instructions on a 
wiring diagram. 

The current draw or flow would 
be greater on Starting. 

The voltage drop is greatest as 
the motor is starting. 


ANSWERS TO REVIEW 
QUESTIONS 


switch or magnetic 


. Open systems are repulsion- 


start induction run motors, cap- 
acitors start induction motors 
and D.C. motors. Hermetic sys- 
tems use split phase motors and 
capacitor start induction run 


motors. 


. This type motor uses two field 


windings. 
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. To aid cooling and to prevent 


insulation breakdown. 
No. 


. The motor starts as a repulsion- 


induction motor and runs as an 
induction motor. 


. Radical type commutators that 


look like spokes of a wheel and 
the cylindrical type that look like 
a straight barrel with staves. 


. Running winding - 108 watts to 


163 watts. 


. When it is large enough for the 


starting current, it is too bigfor 
the running current. 


. It has fewer moving parts and 


therefore maintenance is less. 


Open motors using plain bear- 
ings should be oiled about once 
each six months. 

To absorb vibrations and to ab- 
sorb some of the starting torque 
reaction. 

Either split-phase or capacitor 
start-induction run motors. 
Direct current motors are avail- 
able in 32, 115 or 230 volt 
models. 

Radio interference canbe reduc- 
ed by grounding the motor and 
compressor together and then 
grounding the motor to aconduct 
or water pipe. 

Three. 

Two. 

Because the starting winding is 
constructed of finer wire and the 
current takes a little longer to 
build up its magnetism in the 
starter windings. Therefore, the 
result is like splitting the phase 
cycle. 

Cooling the motor. 

They must be specially insulated, 
because they operate in an oil 
and refrigerant atmosphere. 

A synthetic rubber that is re- 
sistant to oil and refrigerant. 

A capacitor is an electrical dè- 
vice made of two layers of metal 
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foil insulated from each other. It 
is used to absorb charges of 
electrons and discharge them at 
the current time. 

VES, 

The starting circuit is opened. 
Induction motors with shaded 
pole starting devices. 

In parallel and controlled by the 
thermostat. 

To free a stuck compressor. This 
method is successful where a 
foreign particle locks the com- 
pressor temporarily. 

A powered test light will reveal 
continuity through the capacitor. 
Voltage drop is the electrical 
loss that occurs in any and every 
electrical device when current 
flows. 

Not more than 10% or about 15 
volts. 

Most wires have different color- 
ed insulations. If not, each wire 
should be tagged. 

The magnetic center is the posi- 
tion a rotortries toassume along 
its axis. 

Electrical continuity is a closed 
circuit. There is acircuit for the 
electrical current to move along. 
A compound wound D.C. motor 
has one field winding in parallel 
with the rotor windings and one 
field winding is inseries withthe 
rotor windings. 

1 of a second. 

120 

To carry oil from the oil reser- 
voir to the bearing surfaces 
(with capillary action). 


ANSWERS TO REVIEW 
QUESTIONS 


. Because it has an obnoxious odor, 


it has too high a head pressure 
for air cooled condenser, and it 
is explosive and flammable in 
narrow limits. 
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. By using a swab saturated with — 


28 per cent aqua ammonia: a 
white vapor will indicate the 
pressure of sulphur dioxide. 


. It is too flammable. 
. 75 pounds per square inch. 
. Soap suds are best for safety but 


a halide torch canbe usedin very 
well ventilated places. 

sulphur dioxide has a 
vapor pressure of 6 inch vacuum 
and methyl chloride a pressure 
of 6 psig. 


. It means that those gases belong- | 


ing to the halogen family can be 
detected by this method. 


. Toxic means that the material 


has a determined effect on the 
respiratory system. 


. The Grunow used touse Carrene. 
. It must be as moisture free as 


possible, it must have a 150 
viscosity, it must be wax free 
and it must have a -20 F, pour 
point. 

The same as sulphur dioxide but 
it need not be as moisture free. 
It is known as dichlorodifluoro- 
methane. 

108 psig. 

30 F. 

310 psig. 

No. 

Add about 35 F. to the room or 
ambient temperature and then 
look up the vapor pressure at this 
higher temperature. 

Crosley im 1035, 

Any refrigerant that contains a 
chemical of the halogen family. 
Those refrigerants with chlorine 
and/or fluorine are the most 
common ones, 

The condensing temperature will 
be about 110 F. and the pressure 
will therefore be about 8 psig. 
220 psig. 

They become equal when the unit 
is idle but the refrigerant be- 
comes between 5 F., to 10 F. 
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colder than the coil when the unit 
is running. 

The head pressure becomes 
higher than normal because the 
refrigerant still has to reach its 
condensing temperature and the 
air pressure is an added pres- 
sure to this condensing pressure 
and temperature, 


ANSWERS TO REVIEW 
QUESTIONS 


. To keep the heat leakage intothe 


cabinet to a minimum and there- 
fore to reduce the cost of opera- 
tion. 

Approximately 3 inches. 
Because the inside temperature 
of the cabinet is cold enough to 
make moisture precipitate out of 
the air. If the insulation is not 
water proof, the moisture will 
collect in it and ruin its insulat- 
ing ability. 


. This is the cubic feet of spacein 


which food may be stored. 

(1) In the top of the cabinet, 
(2) in the base ofthe cabinet, and 
(3) remote. 

To enable an easy means of 
breaking the frozen contact be- 
tween the tray and the shelf. 


. The frost acts as an insulation 


and also stores food odors. 
Approximately 1/4 inch. 

A luke warm baking soda and 
water solution. 


. By washing them with vinegar. 
. (1) Corkboard, 


C) dry =zero, 
and (3) metal foil. 

By means of a rubber gasket 
which is slightly compressed 
when the cabinet door is closed, 
sealing it. 

(1) Upper right hand corner, (2) 
upper left hand corner, (3) up- 
per middle, and (4) across the 
top of the cabinet. 

Because warm air rises and cold 
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air falls, the location of cooling 
coil at the top of the cabinet pro- 
motes air circulation and uni- 
form temperature. 

The very cold cooling coil will 
draw the moisture out of foods 
(dehydrate) unless they are pro- 
tected, 

Because a blast of airis continu- 
ally forced over the air-cooled 
condensers in most machines, 
this air circulation deposits dust 
and lint between the fins of the 
condensers. This dirt accumu- 
lates and eventually restricts the 
air flow over the condenser to 
such an extent that very ineffi- 
cient cooling results. 

A distributor of electrical re- 
frigerators should operate each 
and every refrigerator for 24 
hours, checking it thoroughly for 
correct functioning, before de- 
livering it to the purchaser. 

A good method for providing 
positive rear ventilation of a base 
located condensing unit is to at- 
tach strips of wood or metal to 
the rear of the cabinet in sucha 
manner that the cabinet cannot 
be pushed tight against the wall. 
If a refrigerating mechanism is 
shut down for 48 hours or more 
the pressures in the system 
equalize and become the pres- 
sure corresponding to the room 
temperature. The result of this is 
that condensation of refrigerant 
will take place in the crankcase 
of the compressor, and when 
the unit is started again in addi- 
tion to having an over-loaded 
compressor because of the ex- 
cessive low side pressures the 
liquid refrigerant vaporizing in 
the crankcase emulsifies the oil. 
These twoconditions occasional- 
ly break down the machine, ori 
the reason for thisis the Stirmng 
up of the complete system to the 
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extent that any dirt particles 
which may have settled in the 
screen and odd crevices will 
again be in circulation. 

It is best to allow a refrigerat- 
ing machine to refrigerate con- 
tinuously for its full life and 
never allow it to be turned off 
for more than 6 hour periods. 
This enables the machine toset- 
tle downto one continuous routine 
and permits a harmonic opera- 
tion of all of the various parts of 
the system. It is the best insur- 
ance for a long continuous and 
efficient life of the mechanism, 
To allow correct oil levels, and 
to permit correct operation of the 
float mechanisms. 

Low line voltage operation will 
result in very poor operating ef- 
ficiencies and burned - out mot- 
ors. 

It is drained to a pan near the 
compressor when the heat from 
the condensing unit evaporates 
it. 

Place a bright light inside the re- 
frigerator cabinet and look for 
light through cracks inthe gasket 
seal, 

Strikes only are adjustable in 
most cases, Strikes are mounted 
on adjustable bases. 


ANSWERS TO REVIEW 
QUESTIONS 


. The condenser cooling fan is 


driven by the same motor that 
drives the compressor. 


. The weight valve is used to keep 


the liquid line pressure high 
enough to prevent evaporation of 
the refrigerant in the liquid line. 
The low side float needs too 
much room and too much re- 
frigerant. 

Most of the 


newer units are designed topro- 
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vide natural connections past the 
condenser. 
Some of the very first units built 


in the early 20’s did use a pres- 


sure motor control. 
Yes, afew were used when con= 
ventional systems were popular. 


. The low side float systems main- 


ly used sulphur dioxide although 
a few used methyl chloride, 


. The first use of the capillary 
tube was in the Rice refrigerator | 


in 1928. 


. No, many refrigerators had the 


condensing unit located inthe top 
of the cabinet. 

The capillary tube prevented 
sweating or frosting of the liquid 
line between the float and the 
cooling coil. 


ANSWERS TO REVIEW 
QUESTIONS 


. In air-cooled units a hot liquid 


line indicates a lack of refrig- 
erant in the system. 


. Most of the units have service 


valve stems which use a 1/4 in. 
square opening wrench. Some of 
the companies, however, use a 
3/16 in. square opening wrench. 


. Controls are tested with dry air 


to eliminate the condensation of 
moisture on the internal parts of 
the mechanism. 


. A pounding noise in the com- 


pressor when the compressor 
starts to pump a vacuum is in- 
dicative of oil pumping. (This is 
hard on the compressor and the 
compressor should be stopped.) 


. After gauges have been installed 


in the system, they should be 
carefully tested for leaks because 
(1) in case the low side is under 
a vacuum, a leak will permit the 
air to go into the system; (2) if 
the pressure in the system is 
higher than atmospheric pres- 
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sure the refrigerant will leak out 
and be irritating to the service 
man if it is an irritant refriger- 
ant, while in all-casés it will 
make it difficult for the service 
man to detect the exact source 
of permanent leaks in the sys- 
tem; (3) the leakage of refriger- 
ant at the gauge joints occasion- 
ally spoils the accuracy of the 
gauge reading. 


. A halide torch must be charged 


and pumped up to its pressure 
outside the rooms where the re- 
frigerating mechanism is located 
because if any refrigerant is put 
into the torch either through the 
medium of air or by means of the 
fluid itself, the torch will burn 
continuously withthe leak detect- 
ing color destroying its useful- 
ness. If this has been done the 
torch must be thoroughly cleaned 
to make it usable again. 


. Service valve packings are made 


of asbestos covered with lead 
sheet and graphite. 


. An exhaust valve seat is best 


lapped on a lapping block, first 
using a fine alundum lapping 
powder and refrigerant oil. A 
figure eight motion should be 
used and the valve plate should 
be continuously turned under 
one’s hand. Remove all the lap- 
ping powder and clean both the 
block and the valve plate with oil 
after all the crevices have been 
removed from the valve seat and 
then polish the same by lapping 
it on the same block but using 
refrigerant oil only. 


. An air-cooled sulphur dioxide 


system having 110 psi head pres- 

sure indicates the following trou- 

bles in the order of their possi- 

bility: 

(1) Air in the system. 

(2) Externally restricted con- 
denser. 
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(3) 
(4) 


(9) 
(6) 


Poor circulation of air in or 
out of the condensing unit. 
Too much refrigerant in the 
system. 

Too much oil in the system. 
An extremely warm room. 


A frosted suction line with an 
above normal low side pressure 
indicates: 


(1) 


(2) 


(3) 


(4) 


With an expansion valve re- 
frigerant control this means 
that the expansion valve ad- 
justment is turned in too far 
or that the needle and seat 
are leaking. 

With low side float system 
this means that the needle and 
seat are leaking or that the 
float is calibrated too high, 
or that the float ball itself 
has sprung a leak. 

With a high side float sys- 
tem this means that the sys- 
tem is charged withtoo much 
refrigerant or that the needle 
and seat are leaking. 
Capillary tube systems have 
this trouble if they are charg- 
ed with too much refrigerant. 


In the low pressure side on the 
5.0. V. 
In the high pressure side on the 
DSW: 


To 


prevent a flow of air into the 


system or of gas out of the sys- 
tem. 

Approximately 10 psig because 
the refrigerant will be at o M. 
Approximately 125 psig. 

The precautions are: 


(1) 


(4) 


The charging line must be 
in excellent condition. 


One should wear goggles. 
The charging line should be 
purged. 


Only the specified amount 
should be added to the cylin- 
der (85 per cent full). 


Because the valve stem controls 
two different openings. 
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The four common expansion valve 
troubles are: 

(1) Leaking needle. 

(2) Out of adjustment. 

(3) Moisture on the bellows. 

(4) Moisture at the needle. 


This moisture will freeze and 
prevent any movement of the bel- 
lows keeping it opencontinuously 
or closed almost continuously. 
Immerse the float ball in very 
hot water and watch for bubbles. 
Pass a swab saturated with 28 
per cent acqua ammonia around 
the joints (do not touchany parts) 
and watch for white fumes which 
indicate the presence of sulphur 
dioxide fumes. 
Pass the suction tube of the 
lighted halide torch close to the 
connections suspected of leaking 
and if the flame becomes a bril- 
lian green a leak is present (use 
the torch only in a well ventilat- 
ed place). 

A higher-than-normal head pres- 

sure. 

The two methods are: 

(1) Balancing the pressureinthe 
crankcase and adding the oil 
through the oil plug opening. 

(2) By sucking the oil in through 
the S.S.V. gauge opening. 

To remove all the refrigerant 

from the oil by purging this gas 

out of the D.S.V. gauge opening. 


ANSWERS TO REVIEW 
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. The refrigerant must be chem- 


ically pure or acids and/or ab- 
rasives will be formed that will 
harm the system. 


. They are stored under pressure 


and any sudden release may puta 
freezing liquid on one’s face, 
shin, or eyes. 


. A cheap or old, or corroded 


cylinder may explode at any 
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moment, causingserious damage! 


i 


. Glycerine is a non-corrosive 


chemical, 


. The two types of refrigeratior 


service shops are (l) the shof 
that repairs equipment for one 
company; (2) the shop that over- 
hauls equipment for any and al. 
service men that wish to use its 
facilities. 


. A lathe may be used for the 


following work: 
(1) To true up shafts including 


crankshafts and armas 
tures, 

(2) To reface armatures coms 
mutators. 


(3) To reface valve seats. 

(4) To reface crankcase seal 
disks and sylphon bellows 
rings. 

(5) To open liquid receivers. 

(6) To wind tubing into cyl- 
indrical forms. 

(7) To grind crankshaft sea: 
shoulders. 


7. Two types of charging stands 


being used at the present time 
are: 


(1) Dispensing the refrigerant 
directly from the storec 
cylinder into the service 
cylinders and determining 
the amount transferred by 
weighing the cylinder intc 
which the refrigerant is 


transferred. 
(2) The other stand uses an 
intermediate cylinder 


equipped with a glass sight 
level gauge. The refriger- 
ant is removed from this 
intermediate cylinder into 
the drum to be charged and 
the change in the liquid 
level in the sight level 
gauge indicates the amount 
transferred. 
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. An air dryer is necessary in the 


inlet of the air compressor to 
enable the obtaining of dry high 
pressure air. If this dryer is not 
used, moisture condensation 
gradually accumulates in the air 
storage tank and eventually the 
compressed air is made unsuit- 
able for blowing out parts of the 
refrigerating system. 


. Three kinds of lapping blocks or 


surfaces are: 

a) A flat plate surfaced with 
fine sandpaper or polishing 
paper. 

b) Plate glass. 

c) Seasoned cast iron blocks 


with a very accurately 
ground and lapped flat sur- 
face. 


A compressor should be run at 
its rate of speed when testing it 
for efficiency to obtain a true 
picture of how much it can pump. 
The volumetric efficiency of a 
compressor decreases as the 
speed increases and conversely. 
For this reasonthe only accurate 
test is to run the compressor at 
its rated speed. 

‘Baking’? a compressor is to 
keep it at 200 F. to 250 F. fora 
period of 8 to 24 hours with the 
24-hour period recommended. 
This will drive any moisture out 
of the compressor, leaving it 
thoroughly dehydrated. 

The exhaust fan of a refrigerat~ 
ing repair shopis usually located 
near the floor because most of the 
refrigerants in a gaseous form 
are heavier than air. 

Goggles, rubber aprons, and rub- 
ber gloves should be used when 
working with the acid dip bath 
to minimize chances of being 
blinded or of getting severely 
burned by the acid. This is a 
safety precaution that should al- 
ways be followed. 


14, The fire hazard in a paint spray 
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booth comes from the use of 
thinners and nitrate paints which 
are explosive when very finely 
atomized. The paint spray booth 
should, therefore, be shielded 
from any open flames in the 
room and it should have a sep- 
arate adequate exhaust fan to 
remove the paint fumes as rapid- 
ly as they are formed. The best 
solution to the problem is to have 
the paint spray booth locatedina 
separate room, 


ANSWERS TO REVIEW 
QUESTIONS 


. (A) is the generator during the 


firing periods and is the absorb- 
er during the cooling periods. 
(B) is the water-cooled condens- 
om 

is the liquid receiver. 

is the cooling coil. 

is the burner. 

is the cooling water inlet to 
the condenser. 

is the cooling water outlet 
of the condenser. 

The ammonia and water combin- 
ation in absorption refrigeration 
is popular because of the avail- 
ability of the two, the powerful 
attraction the one has for the 
other, the decided temperature 
difference in their boiling points. 
and the high latent heat of the 
ammonia. 


(C) 
(D) 
(E) 
(F) 


(G) 


_ The purpose of the hydrogen in 


the Servel is to provide about 
nine-tenths of the pressure in 
the cooling coil, permitting the 
ammonia to vaporize at a low 
vapor pressure. The total of the 
two pressures equals the pres- 
sure throughout the system. 


. Those localities in which clec- 


tricity is not available are ideal 


for the use of the kerosene- 
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fired absorption refrigerator. 


. Michael Faraday discovered the 


absorption principle in 1824. 


. The absorber in the Servelcycle 


must be cooled because when the 
weak water solution absorbs the 
ammonia gas out ofthe hydrogen, 
heat is generated and it must be 
removed. 


. The purpose of a heat exchanger 


is to exchange heat between li- 
quids or gases at two different 
temperatures. For example, the 
liquid line of the Servel is sur- 
rounded by the cool mixture of 
ammonia and hydrogen coming 
from the cooling coil so that the 
liquid ammonia will be cooled 
before it reaches the cooling 
unit, 


. When the gas flame becomes 


larger the percolation action in- 
creases, forcing more ammonia 
gas up to the condenser, more 
ammonia condenses, and there- 
fore a greater quantity of liquid 
ammonia will be fed to the cool- 
ing coil, producing more refrig- 
eration. 


. The storage chamber on the re- 


ceiver is insulated because 
otherwise it would act as a cool- 
ing coil during the freezing part 
of the cycle and would produce 
too much refrigeration. 

These mechanisms are provided 
with a fuse plug because am- 
monia is a high pressure refrig- 
erant and during extreme cases 
such as a fire in the building the 
unit might blow up or explode if 
it were not provided with this 
fuse plug. 

(1) Water, (2) silica-gel (3) sil- 
ver chloride. 

It depends upon the compression 
due to the heat in the generator 
and upon the heat removing abil- 
ity of the condenser. 
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It acts as the absorber during 
the freezing part of the cycle. 
Yes, and they are still being 
used on freight cars. 


ANSWERS TO REVIEW 
QUESTIONS 
. Ammonia, hydrogen, and water 


are the three substances used in 
the Servel mechanism. 


. The F-11 is used to form a hot 


vapor bath around the generator 
during the heating period and to 
cool the generator during the 
absorption period. 


. The Faraday was equipped with 


a pilot light because the gas 
burned intermittently. 


. Copper tubing was used in the 


Faraday because dry or anhyd- 
rous ammonia was used as the 
refrigerant. 


. The Faraday water valve was 


operated by the temperature of 
the exhaust water. If the water 
leaving the unit became warmer, 
the valve opened farther and 
conversely. 


. The water cooled the F-11 re- 


frigerant, which in turn cooled 
the absorber. 


. The temperature control valve 


permitted only liquid ammonia 
to go into the cooling coil during 
the generating period and main- 
tained any desired pressure in 
the cooling coil during the ab- 
sorption period. 

The purpose of the methyl chlor- 
ide in the secondary cooled Ser- 
vel is to cool the absorber, the 
methyl chloride in turn being 
cooled by the air in the room. 


. The kerosene used in the inter- 


mittent absorption machines 
must be very clean and dry other- 
wise it will emit a smudge and 
odor. 

By controlling the size of the 
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13: 
14. 


15-25. 


10. 


16-15. 


. A hermetic 
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gas flame. 

The upper coil is the cabinet 
cooling coil while the lower coil 
is used to produce iće cubes. 
To permit feeding the cooling 
coil with liquid refrigerant. 
Ammonia. 

It was used to hold the condens- 
ing water, which in turn sur- 
rounded the condenser coils. 


ANSWERS TO REVIEW 
QUESTIONS 


. The fluids flow by gravity and 


the unit must be level to permit 
proper flow. 


. Air flow is obtained by putting 


the cabinet at least two inches 
from the back wall and keeping 
at least 12 inches of clear space 
above the cabinet. 


Ves. 
. A flue is a passage way for the 


products of combustion. 

The pressure is measured with 
a water filled manometer. 

The pressure regulator in the 
base of the cabinet is not needed 
for L P systems because the cy- 
linders or bottles already are 
provided with regulators. 


. A thermostat controls the amount 


of gas fed to the burner. 


. The thermostat has a minimum 


flame by-pass adjustment. 


. Either heat isn’t getting into the 


generator or the condenser and 
absorber are not being cooled. 
A timer operates electric heat- 
ing elements that quickly re- 
move the frost from the cooling 
coil without affecting the foods 
being stored in the freezercom-~ 
partment. 


ANSWERS TO REVIEW 
QUESTIONS 


mechanism is one 
that has all sealed joints. 
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. To remove 


. A semi-automatic 


. Generally one, 


QUESTIONS 


. A static condenser, 
. It is fastened by a flash re- 


sistance welding process, 


. A motor, a rely, a thermostat, 


a light, and a light switch. 


. By using a separate thermostat 


to control the electrical flow to 
the resistance unit in the com- 
partment. 

the frost without 
allowing a rise in temperature 
of the foods in the freezing 
compartment and in the cabinet. 


. A solenoid valve controls a by- 


pass that carries hot compressed 
gas directly to the cooling coil. 
defrosting 
system must be manually turned 
on, but it automatically returns 
to normal operation. 


. The tubing is installed in the 


door jam just back of the plastic 
breaker plate. This design per- 
mits removing the complete unit 
without disconnecting any of the 
unit. 

Some units drain this water toa 
pan near the motor-compressor 
and evaporate it there; others 
drain the water into a tray andit 
must be disposed of manually. 


ANSWERS TO REVIEW 
QUESTIONS 


_ No, some are completely sealed 


including the charging plug. 


_ Freon 12 is the most popular. 
_ To direct the air flow, andto re- 


duce noise. 


but there are 
many onthe market that have two, 
one for frozen foods and one for 
regular refrigerator tempera- 


ture maintenance, 


. The hot oil will back into the 


suction line during the off part 
of the cycle and warm the ther= 
mostat and the cooling coll. 

If tubing vibrates, have a har- 


10. 
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. The temperatures 
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monic of the motor-compressor 
vibration. If the tubing vibrates 
at a frequency within the audible 
range an annoying soundis heard. 
This vibration can be eliminated 
by putting rubber weights on the 
tubing or even bending the tubing 
slightly. 


. The dome may be opened by 


grinding the welded joint, or cut- 
ting the welded joint in a lathe 
or in a vertical mill. 


. A vacuum cleaner with special 


nozzles is essentialif one wishes 
to do a good cleaning job. 


. The compressor motor, the con- 


denser, and the cooling coil must 
be fastened to a rigid frame to 
prevent abuse. 

Silver brazing is recommended 
for all copper and steel joints. 


ANSWERS TO REVIEW 
QUESTIONS 


desired in 
commercial refrigeration areas 
follows: (1) Water-cooling in- 
stallations have a water tem- 
perature 40 F. to55F. (2) Walk- 
in coolers 36 F.to 40 F. (3) Flor- 
ist cabinets 50 F. to 60 F. 
(4) Ice cream cabinets 0 F. to 
12 F. The minimum temperature 
encountered in commercial re- 
frigeration is for the mainten- 
ance of brick ice cream which 
needs a temperature of 0 F, The 
manufacture of ice cream in 
small quantities is becoming 
popular and in commercial in- 
stallations of this type tempera- 
tures of -10 F. are desired for 
hardening. 

The joints between the doors and 
their frames and between wind- 
dows and their frames must be 
air-tight inrefrigerator cabinets 
or a continuous air circulation 
will occur due to the tempera- 
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ture differences, This will in- 
crease the cost of operation. 


. The windows of the refrigerator 


cabinet are usually of the two or 
three pane construction having 
one and two dead air spaces 
respectively. The glass itself is 
a very poor insulator sothe dead 
air spaces are used to provide 
the insulation. Theoretically, 
dead air is one of the best in- 
sulations, but in the case of this 
kind, the radiation load into the 
cabinet is high and the dead air 
spaces are so large that internal 
convection takes place permit- 
ting some heat to pass into the 
cabinet. 


. The dead air space formed by. 


these window panes must be kept 
free from moisture to stop fog- 
ging or moisture precipitation 
on the inner pane. This is done 
by using a moisture absorbing 
chemical such as calcium chlor- 
ide between the panes, 


. The lights of display counters 


are usually mounted outside of 
the cabinet because they produce 
considerable heat anditis there- 
fore more economical to have 
them mounted outside. 


. The average temperature of a 


walk-in cooler may be found half 
way between the cold and warm 
air flues of a cabinet, twoinches 
away from the wall that is far- 
thest from the door, and about 
four feet from the floor, 


. Most commercial installations 


are of the multiple type because 
this permits the use ofasmaller 
condensing unit as the peak loads 
of the various cabinets do not 
occur at the same time. Withone 
cabinet or in a single installation 
the unit must be large enough to 
take care of the peak load. 


. (1) Water in a heat treating room 


of a tool and die factory should 
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not be cooled lower than 50 F,; 
55 F, is recommended. 

(2) A water temperature of 40F. 
to 45 F, willbe found satisfactory 
for an Office building. 


. The length of the counter deter- 


mines the number of coils be- 
cause of the air circulation. The 
circulation must be greater in 
the horizontal direction thanitis 
in the vertical direction which 
tends to slow it up considerably. 
To minimize this horizontal air 
circulating distance, coils are 
placed at both ends of the count- 
er, 

The moisture content in the air 
is very important in produce 
storage cabinets because most 
of the material stored has avery 
high moisture content. If the air 
in the cabinet is dry this dry air 
as it circulates over the mater- 
ial will remove some of the 
moisture from them, spoiling the 
appearance and decreasing the 
weight of the material. 

Vertical double glass or triple 
glass plates are built around the 
upper third of the cabinet. 

A double duty case is one that is 
used as a display case and as a 
refrigerator cabinet in the base. 
The cooling coil is located inthe 
base in the back of the case. 
These coils are defrosted with 
hot condenser gas or with elec- 
trical heating coils. 

The two basic types are the ice 
cube tray type and the automatic 
ice cube maker. 

Hot gas defrosting is by-passing 
the condenser gas directly into 
coils inthe cooling compartment. 
The water pump is to push cool- 
ing water forcibly around the 
milk cans. 

The bacteria growth in unpas- 
teurized milk is very rapidifitis 
kept at a warm temperature. 
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It is very compact. 

To sub-cool metals inheat treat- 
ing and to cool electrode points 
in spot welding. 


ANSWERS TO REVIEW 
QUESTIONS 


. The advantage of a non-frosting 


cooling coil is that it maintains 
a constant heat removing effi- 
ciency without needing any at- 
tention; and its operation is such 
that it does not remove the mois- 
ture from the air very rapidly, 
permitting a higher relative hu- 
midity to be maintained in the 
cabinet. 


. A high pressure motor cut-out 


switch should be installed on all 
water-cooled condensing units 
because of the danger of an in- 
adequate water supply. If the 
water were to be restricted in 
its flow, the resulting excessive 
head pressure would soon burn 
out the motor unless the safety 
cut-out functions. 


. Intake valves of a compressor 


are frequently located inthe head 
of the piston, although some com- 
panies locate them in a valve 
plate, while others use valve 
ports cut into the cylinder walls. 


_ It is advisable to connect the high 


pressure motor cut-out bellows 
to the cylinder head of the com- 
pressor because this facilitates 
the removal of the valve for 
servicing. 

The three types of water valves 
are: (1) the electrically ope rated 
type, (2) the pressure ope rated 
type, (3) the thermostatic type. 
(1) The metering, two-tempera- 
ture valve; (2) the snap-action, 
two-temperature valve; (3) the 
thermostatic, two-temperature 
valve. 

The advantage of a water-cooled 
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condenser over an air-cooled 
condenser is that it enables low- 
er head pressures thus permit- 
ting greater capacity and reduc- 
ing the wear on the moving parts 
of the system. Another advantage 
is that the condensing unit may be 
installed in small, out-of-the- 
way corners without decreasing 
its efficiency. However, the use 
of water means an additional ex- 
pense of operation and occasion- 
ally localities are found wherein 
the water is corrosive to the 
water-carrying tubes. The ad- 
vantage of the air-cooled con- 
denser is that it is a simpler 
mechanism, has a cheaper first 
cost, allows for an easy installa- 
tion, and may be used anywhere 
that sufficient air is available. 
The disadvantages are that the 
room in which the condens- 
ing unit is installed must be of 
sufficient size to provide enough 
air for cooling, the fan produces 
some noise, and because of the 
higher temperature of the cool- 
ing medium, the head pressure 
in the system is greater which 
reduces its capacity. 

The forced circulation cooling 
coil takes up little space, needs 
no baffles, and cools the produce 
very rapidly. 


. To enable one motor control to 


control the cooling of allthe coils 
connected in that system. 

The check valves are located in 
the suction lines of the coldest 
coils. 

The coils controlled by the two- 
temperature valve should not ex- 
ceed 40 per cent of the total re- 
frigeration load. 

The evaporative condenser saves 
85 per cent of the water because 
it uses latent heat of evapora- 
tion for water instead of the 
specific heat (1000 Btu) lb. vs. 
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Yes, these safety devices are 
required by code and the safety 
opening is piped to the outdoors 
through a silver brazed pipe. 
Water. 

To carry heat between the re- 
frigerant coil and the beverage 
coil. 

The refrigerant flows in the op- 
posite direction to the water 
flow. This action places the cold 
water near the coolest refriger- 
ant and thereby maintains a more 
constant temperature difference. 
The air-cooled condenseris used 
only during normal loads; this 
action conserves water. 

They must be cleaned to remove 
odor producing elements. 

The water is sprayed on, or 
dripped on the external surfaces 
of the coil, thus melting the ice 
accumulation. 

These drain facilities must be 
kept warm to prevent the drain 
water from freezing in them and 
clogging them. 

The two check valves are used 
(1) to prevent refrigerant from 
by-passing the automatic expan- 
sion valve and to permit by-pass- 
ing the thermostatic expansion 
valve. 

The current requirements for 
the larger motors is too much 
for the small accurate contacts 
of the standard motor control. 
The separator is insulated to 
prevent condensation of refrig- 
erant in it. 

The return refrigerant is heated 
to prevent slugs of liquid refrig- 
erant from reaching the com- 
pressor and damaging it. 

The electric water valve. 

To control the amount of make- 
up water needed to replace the 
water evaporated. 

No, because it never frosts and 


28. 


29, 


30. 


20-57. 


ANSWERS TO REVIEW QUESTIONS 


if it did, it would defrost each 
cycle. 

The surge tank is a gas storage 
cylinder and it“ increases the 
cycling intervals of a system. 
A sweet water bath isa beverage 
cooling device using tap wateras 
a brine. 

The vibration dampers are in- 
stalled in both the suction and 
liquid lines as near to the con- 
densing unit as possible. They 
are used to reduce noise from 
vibration. 


ANSWERS TO REVIEW 
QUESTIONS 


. Code installations require relief 


valves be installed in liquid re- 
ceivers because it is believed 
that this construction will pre- 
vent accidents and explosions. 


_ Hand valves are provided in the 


refrigerant lines leading to each 
individual coil to facilitate serv- 
icing and to permit disconnecting 
that coil in case of accident. 


. It is recommended that tubing be 


run parallel with beams rather 
than across them to give addi- 
tional protection. 


. It is absolutely necessary to 


mount a float valve levelin order 
to permit the float to operate 
correctly. If not ina level posi- 
tion, the float will be out of cali- 
bration and cannot function pro- 
perly. 

Two-temperature valves are 
usually located on the manifold 
wall boards. 

Soft tubing may be used near the 
condensing unit and near the 
cooling coil. It is not to exceed 
six (6) feet in length. 

After assembling a dry multiple 
coil system, it is necessary to 
remove the air and other foreign 
substances within the coils and 
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. The purpose 


the lines. To do this, one should 
close all the hand valves except 
the liquid line hand valve for one 
coil. The suction line of this 
same coil should be left loose at 
the hand valve and the liquid 
receiver valve cracked. The 
surge of a small quantity of the 
gas will force the air out of this 
loose connection and after one 
detects the odor of the refrig- 
erant, the joint is tightened and 
the valves closed. Repeat this 
for each coil until all the coils 
have been purged. This will re- 
move all the air from the in- 
stallation except from the main 
suction line. This main suction 
line may now be purged by leav- 
ing the connection at the com- 
pressor loose and purging the 
gas through one of the coils 
down the suction line and out of 
the loose connection. With all 
connections tight and all the hand 
valves open and with the liquid 
receiver valve shut a vacuum 
should now be drawn on the 
installed part of the system. The 
gas evacuated is discharged out 
the compressor discharge serv- 
ice valve, it being turned all the 
way in, If the gas is irritant, 
a neutralizer will have to be used 
here to eliminate the annoying 
odor. The machine may now be 
started, opening one coil ata 
time and allowing 15 minutes 
between each coil to reduce the 
starting load on the condensing 
unit. 


. Under normal conditions it is 


necessary to puta dehydrator in 
the system because all the parts 
installed have been exposed to the 
air which means they must be 
dehydrated thoroughly. 

of a dehydrator in 
the suction line is to positively 
insure that no moisture can reach 
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the compressor, 

Hard drawn copper tubing and 
streamlined fittings are becom- 
ing popular because ofthe rapid- 
ity with which they may be in- 
stalled and because tubing of this 
type may be obtained in sizes 
much larger than is obtainable 
in the soft copper. 

The indication of a lack of re- 
frigerant in a multiple low side 
float system is a continuous 
hissing sound in the most re- 
mote coil along with a relatively 
warm liquid inlet connection, 
The troubles which may resultin 
a coil frosting excessively atthe 
valve but being dry at the other 
extreme are: (1) Partially clog- 
ged screen; (2) lack of refriger- 
ant in a thermostatic element if 
it is a fairly warm coil; (3) power 
bulb located too close to the 
coil; (4) moisture on the bellows. 
(1) By using a rubberseal, (2) by 
uSing a drilled frost-proof unit, 
(3) by shellacking the joint be- 
tween the nut and the tubing. 
The open drain is to prevent 
water being syphoned back into 
the fresh water lines in caseofa 
sudden pressure change. 


If a multiple system is running 
under a 5 in. vacuum the system 
must be stopped to permit the 
low side pressure to build up to 
0 psi before a coil can be re- 
moved from the system. Thatis, 
(1) remove the refrigerant from 
that system to be opened by 
closing the liquid line valve; (2) 
permit the compressor to run 
until that part of the system 
becomes warm, indicating that 
all the refrigerant has been re- 
moved; (3) stop the compressor 
for a few minutes until the com- 
pressor pressure reaches 0 psi; 
(4) shut off the suction line valve 
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which controls that part of the ' 


system to be opened. 
Service men should follow a 


practice whereby the uprighti 
charging cylinder is fastened to 
the suction service valve in the 
system and then very carefully 


heated to drive the gas from it: 


into the system. 


The four most important safety 


precautions to be observed when 


charging a system through the | 


low side are: (1) Be very sure 
that the flares on the charging 
tubing are in excellent condition. 
(2) Do not heat the service drum 
any warmer than is comfortable 
to the hand. (3) Mount the re- 
frigerant drum securely thereby 
eliminating any accidental twist 


or sudden strain on the charging | 


tubing. (4) Wear goggles. 

Flange fittings soldered to the 
tube and to the coil is an ex- 
cellent method of making con- 
nections inside a cabinet. This 


practice permits an easily dis- | 


mantled connection and it is 
frost-proof. Either paper or lead 
gaskets may be used between the 
two flanges while Monel or heavy 
cadmium plated bolts must be 


used to fasten the flange should- | 


ers together. 

The purpose of felts and fine 
mesh screens in a dehydrator is 
to insure that none of the moist- 
ure absorbing substance will cir- 
culate through the system and to 
trap any solid particles that may 
be circulating in the system, 
The system should be very care- 


fully checked for leaks if a lack : 


of refrigerant is discovered, be- 
cause under normal conditions it 
takes 5 to 10 years before the 
refrigerant can leak out the small 
undetected crevices. Itis a waste 
of refrigerant and of time to 
simply charge the system with 
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refrigerant. A conscientious 
service man will spend time 
required to locate leaks. 

A dehydrator refnoves moisture 
while a neutralizer reduces the 
acidity of the refrigerant, 

(1) Not to buckle it. (2) To pro- 
vide for adequate oil return to 
the compressor. 

If left in an open container it will 
soon become saturated with 
moisture and be useless, 

Small quantities of methanol al- 
cohol, 

(1) Poor motor control. (2) Lack 
of water. (3) Air in the system. 


ANSWERS TO REVIEW 
QUESTIONS 


. A Btu is the amount of heat re- 


quired to change the temperature 
of 1 pound of water 1 F, 

2545.6 Btu per hour equals 1 H.P. 
heat is heat which 
causes a change of temperature. 


. Latent heat causes a change of 


state. 


. Specific heat of a substance is 


the heat required to change the 
temperature of 1 pound of that 
substance 1 F. 


. The use to which the cabinet is 


put determines to aconsiderable 
extent the usage heat load. 


. This is a common calculating 


basis, easy to measure, and ex- 
periments point to it as the most 
accurate surface to use. 

To promote air circulation ina 
cabinet. 


. To prevent a heat transfer from 


the cold air coming from the 
coils to the warm air going tothe 
coils. 


. Spruce or fir wood. 


To give adequate refrigeration 
during rush periods. 

The ice pressure would burst 
the container. 
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.45 Btu per pound. 

At OF. 

6 pounds per gallon. 

The temperature of the gas be- 

comes 10 F, to 12 F. warmer 

than the refrigerant temperature 

in the coil. 

The effective latent heat is the 

actual amount of heat removed 

from the cabinet for each pound 

of refrigerant evaporated, while 

latent heat is the total amount of 

heat absorbed by the refrigerant 

but part of which is used to cool 

its own liquid down to the evapor- 

ating temperature. 

The addition of heat due to com- 

pression. 

Because all energy units are 

mutually convertible. The mech- 

anical energy of the motor pro- 

duces heat energy. 

Volumetric efficiency is the 

amount of gas actually pumped 

per revolution ofthe compressor 

divided by the piston displace- 

ment of the compressor, It is 

effected by the speed, the valve 

design, the piston clearance, the 

head clearance, the compression 

ratio, etc. 

The size of unit, the compactness 

desired, the kind of unit, the 

locality, etc. 

Motor efficiency is the ratio of 

the mechanical power output to 

the electrical power input and it 

varies between 50 per cent and 

90 per cent depending onthe size 

of the motor. 

(1) Heat travels from the food to 
the air with difficulty. 

(2) Heat travels from the air to 
the coil with difficulty. 

(3) Heat travels through the coil 
metal very efficiently. 

(4) Heat travels through the oil 
film with some difficulty. 

(5) Heat travels into the refrig- 
erant with case. 
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. Water exists 


. A grain 


QUESTIONS 


The first scientific air condition- 
ing machine was installed in 
1901. 


. Dr. Willis Carrier is known as 


the ‘‘father’’ of air conditioning. 


. A complete air conditioning sys- 


tem must control the tempera- 
ture, the humidity, the air clean- 
liness, and the air movement. 


. Air conditioning is as important 


in many industrial processes as 
it is for human comfort. 

The atmosphere is composed of 
nitrogen, oxygen, monatomic 
gases, carbon dioxide, hydrogen, 
water vapor and impurities. 

in the invisible 
water vapor (gas) form. 


. Fog is condensed water vapor in 


the air. It exists as extremely 
small droplets of water. 

is a unit of weight. 
7000 grains equal one pound. 


. A micron is 1/1000 of a milli- 


meter or 1/25400 of an inch. 
One should know the dry bulb 
temperature and the wet bulb 
temperature. 

Psychrometry is the science of 
air mixtures. 

A rapid air movement causes a 
feeling of lower temperatures 
and no air movement causes a 
feeling of stuffiness. 

The boiling temperature of water 
at 1 in. hg. is 79 F. 

Moisture may be removed from 
the air by condensation or by 
chemcial absorption (silica gel). 
As the air temperature decreas- 
es, it is able to absorb less and 
less moisture (at lower tem- 
peratures, the vapor pressure 
decreases). 

A psychrometer should be used 
with clean water, a white wick, 
considerable air velocity and 
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with a minimum of radiation 
sources, 

The values that are constant 
along the horizontal line of a 
psychrometric chart are (1) va- 
por pressure (2) grains of moist- 
ure (3) dew point temperature. 
Yes, the air contains water vapor ' 
at temperatures below 32 F. 

If a certain sample of air is 
heated, the relative humidity de- 
creases, At the average tem- 
peratures, the relative humidity 
will decrease by one half for each 
20 F. rise in temperature. 

Most people are comfortable in 
the summer while in air move- 
ment of 20 ft./min. and between 
72 F. db -- 100% rh and 85 F, 
db and 10% rh. 

Air ducts are used to deliver 
conditioned air, to return air to 
the conditioner, and tofeedfresh 
air to the conditioner. 

The purpose of a grille is to 
prevent articles being put in the 
ducts and to control the air flow 
at the duct openings. 


Dust particles vary in size fromi 


.1 to as large as 100 microns: 
in diameter. 

Fumes are solids that areform-: 
ed by solidification of vapors 
injected into the atmosphere. 

A vapor is a gas near its lique- 
fication temperature and pres- 
sure or in the presence of its 
liquid. A gas is considerably 
above its liquefication tempera- 
ture and pressure 
(superheated). 

Oil removes impurities fromair 
by adhering to the solid particles 


{ 


condition 


as they come in contact with the | 


oil covered fibers. 

Ultra-violet rays have the ability 
to destroy micro-organisms 
(bacteria) in the air. 

A cooling coil cleans the air 
because the moisture condensed 
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ANSWERS TO REVIEW 


on it removes dirt particles 
from the air as the air passes 
over the coil. 

Organic gases are absorbed by 
the activated charcoal? 
Electricity is used to ionize the 
space in an air duct and the 
ionized particles are attracted 
to plates of opposite polarity 
thus cleaning the air. 


ANSWERS TO REVIEW 
QUESTIONS 


. Air does have weight. It weighs 


approximately .074 lbs. cu. ft.at 
70 F. 


. The specific heat of air varies. 


It is .24 Btu/lbs. under normal 
conditions. 


. Air is used to heat, to cool, and 


to ventilate. 


. Moving air causes vibrations; 


some of these vibrations can be 
heard, especially if the air does 
not flow smoothly. 

It must move more than 25 feet 
per minute. 


. The circular duct carries more 


air per amount of duct material 
used. 


. The axial flow and the radial 


flow fans. 


. A pressure difference produces 


an air flow. 


. The air has weight, and it takes 


extra energy to make it change 
direction. 


. The air flow is improved by 


using vanes. 


. To insure that each outlet re- 


ceives its correct amount of air. 


. The pressures are SO small that 


bourdon tube gauges and mer- 
cury filled manometers are not 
accurate enough. 

A differential manometer meas~ 
ures the difference between two 
varying pressures. 


The velocity pressure is the 
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QUESTIONS 


difference between the total 
pressure and the static pressure. 
Several readings must be taken 
in carefully selected places ina 
duct to obtain an accurate aver- 
age velocity. 

Air turbulence is air movingina 
direction different from the 
direction it is being directed. 
Air stratification is when air is 
not moving and assumes differ- 
ent levels based on its tempera- 
ture (density). 

Ducts may be made of tinned 
sheet metal, galvanized sheet 
metal, sound absorbing non- 
metallic material and wood. 

If the resistance to air flow is 
equal to each outlet, each outlet 
will receive its proper amount 
of air. 

Air noise can be reduced by 
reducing air velocities, by using 
smoother ducts, by using sound 
absorbent material, by insulating 
the duct from any part of the 
building, and by placinga flexible 
coupling or section in the duct 
especially near the machinery. 
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. The 


QUESTIONS 


The main parts of the heating 
load are heat leakage and infil- 
tration. 

The main sources of heat are the 
heat leakage, the infiltration, the 
sun load, and heat from occupants 
and appliances. 

The variables are area, 
perature difference, the U facts, 
and the time. 


tem- 


window dimensions are 


chosen as the size of the frame 
opening in the wall, not just the 
glass area. 

No, because the coldest recorded 


temperatures do not last long 


enough to make that size plant 
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MODERN REFRIGERATION, AIR CONDITIONING 


necessary, and also the equip- 
ment has sufficient reserve to 
handle this extra load for the 
short time it occurs. 

They are considered part of the 
room, 


. The temperature is usually as- 


sumed to be half way between the 
design ambient and indoor tem- 
perature, 

Infiltration is air that leaks into 
a building and exfiltration is air 
that leaks out. 


. The positive pressure method is 


to use a separate fresh air in- 
take, condition this air, and free 
the air into the house. There- 
fore, air will leak out through the 
cracks in the house. 

The east, south, and west walls 
only are effected by the sun. 
The sun’s heat is usually taken 
into consideration by adding 15F. 
to the design temperature. 

No, the heat from the sun pen- 
etrates the windows immediat- 
ely, but there is a 3 hour time 
lag for the heat to get through 
the wall. 

Heat lag in a buildingis that time 
it takes to heat the structure of 
the building. 

The insulating ability of one 
sheet of aluminum is poor on 
conductivity, poor onconvection, 
fair on radiation. However, 
several layers of aluminum foil 
give excellent results on one 
layer of aluminum and some bulk 
insulating material. 

An air film is a very thin layer 
of stale air that clings to all 
surfaces. This air film allows 
about 1.16 Btu/ F/hr/sq.ft./hr. 


ANSWERS TO REVIEW 
QUESTIONS 


. Three types of air conditioning 


plants are the complete system 
located remotely with ducts used 
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. A by-pass 


. The four most common sources 


. The heating value of bituminous 


. The three types of oil burners 


. The main advantage of gas as a 


to deliver the air; the system 
with the mechanism located in 
the basement and the coils locat- 
ed in a cabinet in the room; and 
the self-contained unit. 


. Remote units use the thermo- 


static expansion valve while the 
self-contained units use the cap- 
illary tube. 


. Solenoid valves are used to stop 


the flow of refrigerant mainly 
to prevent flooding and frosting 
conditions. 


. The most economical way to use 


electricity is to use a heat pump. 
system conditions 
some of the air recirculated 
while some of it is unheated. 
The two are then mixed and 
delivered to the room. 


of energy are coal, oil, gas and 
electricity. 


coal is approximately 14000 Btu/ 
pd. 


are the pot type, the rotary type, 
and the gun type. 


fuel is that it is already a gas 
and it contains very few non- 
combustible solids. 

The stack temperature must be 
kept at 300 F. or higher to pre- 
vent contaminant condensation. 
The air as it leaves the cooling 
coil has 100% humidity. 


Yes, chemicals can be used to 
absorb moisture from the air; 


calcium chloride, silica gel, and/ | 


or activated aluminum. 


The condensate is drained to the | 


condenser and motor-compres=- 
sor and helps cool them. 
Outside air is brought into the 
unit by means of a duct. 
A bi-metal thermostat is an 
electrical switch operated by a 
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double metal strip that movesas 
the temperature changes. 
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QUESTIONS- 


. The condenser, 


2. Lord Kelvin. 


Ur, 


12. 


lelo 


14. 


Loo 


. Two; the condenser andthe cool- 


ing coil. 


. By evaporating the refrigerantin 


the outdoor coil at 
-20 F. 


-10 F. or 


. The heating cycle and the cooling 


cycle. 


. When the outdoor temperature 


and the indoor desired tempera- 
ture are close together. 


. The ratio ofthe electrical energy 


imprint (heat of compression) to 
the heat picked up or discharged 
by the heat transfer units. 

It is three to six times more 
expensive to heat with electrical 
resistors. 


. 3410 Btu/hr. 
. The air coils become very in- 


efficient at low temperatures. 
The well coil involves consider- 
able just cost. The ground coil 
cost is high. The lake coil is 
limited in its accessability. 
There are four; the air coil, the 
well coil, the ground coil andthe 
lake coil. 

A forced convection finned coil. 
An air coil with any one of the 
other three. 

The capillary tube works equally 
well when the refrigerant flowis 
reversed through it. 

The three way valve can direct 
the refrigerant flow to either the 
indoor coil or outdoor coil. Also 
it can direct the flowfrom either 
the inside coil or outside coil to 
the compressor. 
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I 


QUESTIONS 


The heat load increases. 


LI 


127 
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. They are driven by V-belts, 
. The condenser is mounted justin 


front of the car radiator. 


. Silver brazed joints are used 


except where servicing may re- 
quire disconnecting, and at these 
places the standard flare connec- 
tion is used. 


. Yes, they all have provisions for 


installing gauges. 


. A D.C. motor is used. 
. The air distribution is difficult 


because of the low ceiling and 
seat obstructions. 


. Yes, they are provided with a 


fresh air intake. 


. About five to eight tons. 
. Average 2 to 3 H.P. As much as 


8 H.P. under the most severe 
conditions. 

Rapid changes in compressor 
speed may cause liquid refriger- 
ant slugging. 

On remote units both the auto- 
matic expansion valve and the 


thermostatic expansion valve 
have been used. 
The cooling coil is usually 


mounted just back of the back 
seat, or under the instrument 
panel. 

The maze-type, oil washed, dis- 
posable filter is usually used. 
They operate at a higher speed 
than the engine to insure more 
capacity at engine idling speeds. 
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QUESTIONS 


. The frozen process keeps the 


food at its maximum taste, 
aroma, and texture. 

In Springfield, Mass., 1930, the 
Birdseye Company was the first 
to freeze food directly for the 
consumer. 

Enzymes are the cause of food 
spoilage as they encourage or 


accelerate food spoilage. 


agua = no p ao 
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. One of the most popular modern 
insulations is spun glass or Fib-' 


erglas. 


. The steps used to prepare vege- 


tables for freezing are: 


a. Clean and trim. 

b. Blanche in boiling water. 

c. Cool. 

d. Package in moisture-proof 
material. 

e. Freeze as quickly as pos- 
sible. 


. Hermetic insulation isinsulation 


sealed against moisture and air. 


. The two most common frozen 


foods cabinet refrigerant con- 
trols are the capillary tube and 
the thermostatic expansion 
valve. 

A frozen foods cabinet should be 
defrosted about each six (6) 
months. 


. Most 6 cubic foot volume frozen 


foods cabinets use a hermetic 
condensing unit. 

Freezer burn is caused by de- 
hydration of the surface of un- 
sealed frozen foods and by oxida- 
tion of the food. 

Beef may be safely stored for 6 
months at 0 F. 

The best temperature range for 
frozen foods cabinets is 0 F, to 
-10 F. 

Most frozen food cabinets use a 
thermostatic motor control. 
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It is essential to allow free air 
circulation around a frozen foods 
cabinet to allow proper cooling of 
the condensing unit. 

Ice accumulation in the insulation 
is probably the most serious as 
it will ruin the cabinet in addition 
to causing poor frozen foods 
temperatures. 

All oils have a quantity of wax 
in them, and the extremely low 
temperature encountered in a 
frozen foods unit sometimes 
causes a slow separation of the 
wax out of the oil. 

Moisture may get into a re- 
frigerating system from moist- 
ure laden refrigerant, from 
moisture laden oil, from care- 
less service procedures allowing 
moisture laden air into the sys- 
tem, and finally, a leak in the 
system when that part is operat- 
ing at below atmospheric pres- 
sure, 


18. Moisture is easily and very thor- 


Pele 


oughly removed from a system 
by using a good, adequately sized 
dehydrator. 

External service jobs may be 
done on a hermetic system on 
the premises, i.e., replacing the 
motor control, the relay, the fan 
motor, etc., but any internal 
troubles must be remedied ina 
thoroughly equipped overhaul 
shop. 
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Abrasives, 53 
Absolute Humidity, 566- 
Absolute Pressures, 16_ 
Temperatures, 19 
Absolute Scales, 16, 19 
Absolute Zero, 19 
Absorption 
Generator, 316 
Mechanism, 318 
Absorption Cycle, 319 
Air Conditioning, 624 
Continuous, 337 
Intermittent, 321 
Liquid Absorbent, 318 
Operation of, 316 
Refrigeration, 316 
Servicing, 335 
Solid Absorbent, 318 
Valves, 338 
Water Chilling, 624 
Absorption Mechanism 
Servicing, 335 
Absorption Refrigerators 
Installing, 241 
Absorption System, 316, 318, 


337, 624 

Chemicals, 317 

Construction, 334 

Controls, 338 

Troubles, 345 
Acetylene-air Soldering, 299 
Acid 

Conditions in System, 500 

Dip Bath, 312, 693 
Activated Alumina, 394 
Activated Carbon, 408 
Adding Oil to System, 286, 380 
Adiabatic Compression, 544 
Adjustable Wrench, 44 
Adjusting 

Expansion Valves, 110 

Motor Control, 131 

Pressure Motor Control with 


Vacuum Pump and Compound 


Gauge, 509 
Water Valves, 492 
Adjustments 
Differential, 131 
Motor Controls, 80, 131, 452 
Motors, Electric, 131 
Range, 131 


Refrigerant Controls, 110, 124 


Air 
Changes, 580 
Circulation, 585 
Cleaning, 574, 616 
Compressor, 297 
Conditioners, 605, 620 
Cooling, 530 
Distribution, 529 
Ducts, 574 
Filtering, 974 
Flow, 584 
Heat in, 579 
In System, 478, 545 
Leakage, 602 


Moisture Determination in,563 Ammeter, 
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Movement, 573 
Noise, 581 
Properties of, 560, 579 
Psychrometric Properties of, 
Purification, 574 
Removing from, 480 
Commerical Unit, 473 
Condenser, 284 
Domestic Unit, 285 
Dry System, 480 
Flooded, 478 
Line, 478 
Multiple System, 480 


Standard Conditions of, 560, 579 


Stratification of, 582 
Temperatures, 562 
Volumes for Heating, 583 
Weight of, 579 
Air Conditioning, 579 
Absorption Unit, 624 
Automobile, 649 
Bus, 662 
Central Plant, 617 
Comfort Coolers, 620 
Controls, 607, 626 
Cooling Units, 617 
Definition of, 560 
Dehumidifiers, 616 
Equipment, 607 
Fans, 589 
Heat Loads, 596 
Heating Equipment, 608 
History, 559 
Humidifiers, 608 
Installation, 620 
Instruments, 590 
Insulation, 604 
Plant Central, 617 
Plant Remote, 619, 620 
Principles, 559 
Purpose of, 559 
Refrigerant Controls, 631 
Structures, 608 
Systems, 607 
Temperature, 562, 626 
Temperature Control, 626 
Thermostats, 627 
Timers, 632 
Unit, 621 
Window, 623 
Year Around, 617 
Air-Cooled Condensers 
Capacities, 551 
Commerical, 436 
Domestic, 73 
Air-Cooled Absorption Unit, 318 
Alarm Systems, 152, 673 
Alcohol Brine, 51 
Alcohol in Methyl 
Chloride System, 393 
Alignment 
Belts, 162 
Allen Set Screws, 161 
Alternating Current 
Characteristics, 156 
Alumina, Activated, 394 
Ambient Temperature, 29 
184 
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Ammonia, 209 
Analyzer Tube 319 
Properties of, 23, 20% 
Testing tor Leaks, 209 
Amperage Relay, 143 
Amperes, 154 
Anemometer 593 
Annealing Tubing, 36 
Anology, Water, 147 
Answers to Questions, 721 
Apparatus, Charging, 30 
Distilling Refrigerants, 10 
Evacuating, 301 
Appliance Truck, 382 
Application of Latent Heat, 542 
Arbor Press, 297 
Area 
Cabinet, 517 
Room, 600 
Units, 13 
Armature 
Electric Motor, 158, 170 
ASpirating Psychrometer, 567 


Assembling a Hermetic Unit, 304 


Assembling a Refrigerating 
Unit, 278 
Assembly Devices, 59, 235 
Atmospheric Pressure, 16 
Attachment, Service Valve, 396 
Attic Fans, 604 
Automatic Controls 
Air Conditioning, 626 
Defrosting, 138 
Expansion Valve, 76, 244 
Motor, 153 
Refrigerant, 103 
Automobile 
Air Conditioning, 649 
Comfort Cooling, 64% 
Servicing, 663 
Systems, 654 
Axial Flow, 589 
B 
Back Pressure (see suvt-on 
pressure) 
Baffle 
Construction. 528 
Design, 523 


Design for Odd Siz® CAMs, 128 
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Display Cese, 32 
Grocery Cabingt, A29 
Walk-In CĦoler, 52% 
Bakeries, Refrige®ret n fr, 421 
Barometer, %91 
Basic Cycles 
Eleetrifity, 1 
Bath 
Neal Dip, Ble 


Viagnineret, 1 
Cere ef 10 


Motors, Electric, 90 
Sizes, 162 
Tension, 162 
Vee, 90, 162 
Bending Springs, 37 
Tools, 37 
Tubing, 37 
Beverage Coolers, 
Brine, 449 
Capacities, 
Pressure, 450 
Sweet Water, 449 
Blade, Compressor, 98 
Blocks, Lapping, 300 


Board, Charging, 302 
Bodies, Truck, 423 
Boiling 

Temperature, 22 
Bolts, 59 
Bottle Coolers, 417 
Bourdon Tube, 48 
Box Wrench, 44 
Boxes, Refrigerator 

(see Cabinets) 
Boyle's Law, 17 
Brazing Joint, Cleaning, 43 
Brazing, Silver, 40 


417, 449 
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Breaker Strip, 383 
Brine, 51 
Alcohol, 51 


Calcium Chloride, 51 

Composition, 52 

Freezing Temperatures, 
British Thermal Units 20 
Brushes 

Cleaning, 54 

Motors, Electric, 166 
BTU (see British Thermal Unit) 
Buffer, 297 
Burn, Freezer, 670 
Burner, Kerosene, 
Burner, Oil, 609 
Burner, Servel, 342 
Bus Air Conditioning, 
Butane, 214, 662 
Butter Conditioner, 235 
By-Pass Systems, 654 
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Cabinets 
Accessories, 
Areas, 519 
Care, 237, 337 
Chest Type, 670 
Classification, 222 
Commercial, 404 
Construction, 226, 404 
Design, 349, 523 
Display, 409 
Domestic Refrigerator, 
Door Construction, 228 
Finishes, 237 
Florist, 408 
Freezer, 413 
Frozen Food, 413, 667, 670 
Gaskets, 232 
Grocery, 405 


Hardware, 229 
Hermetic, 221 
Ice Cream. 413 


235 


221 


INDEX 


Leveling, 241 
Reach-In, 405 
Sizes, "222 


Soda Fountain, 415 
Temperature, 216 
Truck, 423 
Upright Frozen Food, 670 
Volume, 519 
Walk-In, 406 
Calcium Sulphate, 394 
Calculations 
Air Conditioning, 605 
Commercial, 513 
Calibrate Gauges, 48 
Capacitor 
Design, 171, 182 
Effect, 171 
Motor, 171, 181 
Motor Servicing, 180 
Ratings, 688 
Servicing, 182 
Start Capacitor Run Motor, 
Start, Motor, 171, 690 
Testing, 180, 683 
Type Motor, 171 
Capacity 
Compressor, 522, 546 
Condenser, 551 
Condensing Unit, 539 
Cooling Coil, 530 
Domestic Refrigerators, 222 
Liquid Lines, 554 
Motor, 166, 176, 550 
Orifice, 555 
Suction Lines, 555 
Valves, 116 
Capillary Tube, 78, 124 


Adjustable, 392 
Capacities, 125 
Controls, 714 
Designs, 125 
Fittings, 125 
Principles of, 
Servicing, 392 
Systems, 253 
Car, Air Conditioning, 649 
Car, Railway, Refrigerated, 425 
Car, Refrigeration Cycle, 651 
Carbon Dioxide 


124 


Properties of, 196 
Solidified, 28 
Carbon Filter, 408 


Carbon Tetrachloride 
Cleaning, 53 


Care of 

Belts, 162 

Cabinets, 237, 337 

Gauges, 262 

Oil, 49 

Refrigerant Cylinders, 50 

Refrigerators, 237 

Service Valves, 81, 263, 285 
Carrene #1 & #2, 205 
Cascade Systems, 428 


Cases (see Cabinets) 
Display, 409, 411 
End Bunker, 410 
Overhead Bunker, 
Rear Bunker, 409 
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Center, Magnetic, 189 
Centigrade Temperature 
Scale, 15, 19 
Central Air Conditioning 
Plant, 617 
Centrifugal Compressor, 
Centrifugal Fans, 589 
Changing Refrigerants, 
Characteristics 
Refrigerants, 
Technical, 683 
Charge of Refrigerant, 
Checking, 219 
Charging a System 
Apparatus, 300 
Commercial, 495 
Domestic, 283 
Hermetic, 380, 399 
Charging Board, 302, 399 
Charging Refrigerant 
Apparatus, 300 
Lines, 261 
Charles' Law, 20 
Charts, Comfort, 
Psychrometric, 
Check Valves 
Commercial, 461 
Domestic, 126 
Servicing, 392 
Checking 
Compressor, 270 
Leaks, 270, 281 
Oil Charge, 286 
Refrigerant Charge, 493 
Chemicals, Absorption 
Systems, 317 
Dryers, 394 
Chilling Units (see Cooling 
Coils) 
Chisels, Cold, 55 
Chlorotrifluoromothane, 
Choke Tube, 78 
Circuit Troubles, Water, 
Circuits, Electrical, 
Circulation of Air, 585 
Cleaning, 32 
Air, 574 
Bath, 52, 312 
Cabinets, 239 
Carbon Tetrachloride, 53 
Compressor, 312 
Condenser Parts, 
Filters, 575 
Hermetic Unit, 
Ice Trays, 240 
Lacquers, 240 
Metal, 691 
Methods, 52, 691 


Motors, 161 

Parts, 287 

Porcelain, 239 

Refrigerators, 52, 239 

Screens, 499 

Steam, 52 
Clearance in Compressors, 
Clocks, Defrosting, 138 
Clogged Screens, Servicing, 
Clutch, Magnetic, 656 
Coal Furnaces, 608 


218 


193 


572 


568 


312 


376 


73, 101 


200 


489 
141, 155 


85 


499 


Code Installations 


Multiple, 481 
Testing, 485 
Code, National Safety, 700 
Coefficient of Conducitivity, 720 
Coils z7 
Automobile, 659 w E 
Commercial, 441 
Condensing, 436 

Cooling, 441 

Dry, 502 

Domestic, 73, 225 
Evaporating, 94 
Flooded System, 
504 

Forced Circulation, 
Grocery, 405 
Heat Pump, 643 
Hermetic, 356 
Mounting, 534 
Non-Frosting, 442 
Removing, 266 
Walk-In, 406 
Water-Cooling, 


79, 119, 450, 


535, 936 


415, 449 


Cold 12 
Cold Bath for Thermostatic 


Controls, 308 


Cold Chisels, 55 
Cold Storage Temperatures, 


216, 525 


Colloids, 666 
Column 


Mercury, 15 
Water, 15, 590 


Comfort Charts, 


Psychrometric, 569 


Comfort Cooler 


Console Type, 620 
Window Unit, 623 


Comfort Cooling, 617 
Comforı Controls, 629 
Comfort Zone, 571 


Commercial 


Applications of Refrigeration, 
401 

Cabinets, 404 

Calculations, 513 

Charging, 495 

Compressor, 435 
Compressor Control, 452 
Condenser, 436 


Condensing Units, Servicing, 487 


Cooling Units, 441 

Defrost Systems, 444 
Dryers, 500 

Equipment, Installation of, 473 
Heat Loads, 513 

Hermetic Systems, 434 
History, 401 

Installations, 473 
Insulation 515, 720 

Liquid Receivers, 75, 275 
Low Pressure Control, 452 
Mechanical Cycle, 435 
Mechanisms, 435 

Motor Controls, 452 
Motors, 508 

Refrigerant Controls, 451 


INDEX 


Refrigeration, 401 
Refrigerators, 404 


Scope of Commerical 
Refrigeration, 402 
Servicing, 473, 486 
“ Systems, 429 
Commercial Controls, 452 
Commercial System 
Charging, 495 
Discharging, 497 
Moisture in, 499 
Servicing, 486 
Common Refrigerants, 193 
Commutator, 165 
Composition of Brine, 
Compound 
Gauge, 15, 47 
Lapping, 269 
Compression 
Adiabatic, 544 
Compression Cycle 
(System) 26, 65, 67, 243 
Operation of, 26, 65 
Parts of, 66, 67 
Typical System, 26, 65, 243 


51, 720 


Compression Gauge, 15, 47 
Compressor 
Air, 297 
Automobile, 657 
Bearings, 90, 272 
Capacities, 522, 546 
Centrifugal, 73, 101 


Checking, 269 
Checking Leaks, 270 
Cleaning, 312 
Clearance, 85 
Commercial, 435 
Connecting Rods, 86 
Construction, 83, 99 
Cooling, 94 
Crankshafts, 86 
Cylinders, 85 
Data, 68, 83 
Dehydrating of, 306 
Design for, 68, 83 
Diaphragm Type, 73 
Dismantling, 269 
Dome, 395 
Drives, 90 
Efficiency, 83 
Evacuating, 263 
Frozen Food, 676 
Gaskets, 89 
Gear, 73 
Heat Pump, 644 
Hermetic, Reciprocating, 
93, 353, 374, 434 
Hermetic, Repairing, 375 
Hermetic, Rotary, 100 
Located above the Coil, 250 
Low Side Pressure Control 
Valve, 463 
Lubrication, 90, 100 
Noisy, 269, 292 
Oil, 49 
Overhauling, 269 
Performance, 539 
Pistons, 85 
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Purpose of, 83 
Reciprocating, 68, 84 
Removing, 263 
Repairing Conventional, 269 
Repairing Hermetic, 390 
Rotary, 71, 96, 100 
Seal, 88, 99, 270 
Servicing, 263, 487 
Stand, 304 
Testing Commercial, 269, 487 
Testing Domestic, 269, 271 
Types of, 68, 83 
Valves, 87, 99 
Volumetric Efficiency, 84, 549 
Wobble Plate, 658 
Condensation. Pressure of, 27, 
iin Zayi 
Condenser 
Air-Cooled, 73, 436, 551 
Automobile, 659 
Baudelot, 552 
Capacity of Air-Cooled, 74, 551 
Capacity of Water-Cooled, 551 
Cleaning, 489 
Combination, 438 
Commercial 
Air-Cooled, 436 
Water-Cooled, 437 
Construction, 436 
Design of, 73 
Domestic, 73 
Evaporative, 440 
Fan, 470 
Frozen Food Unit, 678 
Hermetic, 354 
Plate, 74 
Removing, 267 
Repairing, 275 
Servicing 
Commercial, 488 
Domestic, 267 
Shell Type, 437 
Static, 74 
Tube-Within a Tube, 438 
Types of, 73 
Valves, 271 
Water-Cooled, 437 
Condensing 
Pressure, 545 
Temperature, 
Unit, Capacities, 522, 53 
Unit, Frozen Food§, 676 
Unit, Installing, 222, 4 
Unıt, Location, 222 
Unit, Servicing, 26%, 4 
Umt, Valves, 267 
Conditioners, Unit Air, £21 
Conduction, 25, 720 
Conductivity 
ifeat, 497, 720 
Conduct’ vity of 
Inning Materiel, "84, Te 
Conduit, 314, 474 
Connecting Rode, Cer 
Connections 
Cooling Cail, 93 
Plectri@ht, 184 
Ghuges, 47 
Tubing, 41 


Console Type Comfort 
Cooler, 620 
Constant Gas, 20 
Constrictor, Tubing, 64 
Construction 
Baffle, 528 
Commercial Cabinets, 
Condenser, 436 
Cylinder Refrigerant, 50 
Dry System, 76 
Float Valves, 79, 119 
Freezer Cabinets, 413, 667 
Frozen Food Cabinets, 413, 667 
Motor, 159 
Railway Car, 425 
Service Valve, 81, 263, 285 
Consumption, Water, 492 
Continuous Cycle, 326 
Contracting, Service, 511 
Controls 
Absorption, 338 
Air-Conditioning, 607, 626 
Automatic, 103, 129 
Capillary Tube, 76, 124 
Comfort Cooling, 629 
Commercial, 451 
Dual, 455 
Expansion Valve, 76 
Float 
High Pressure, 
Low Pressure, 
Troubles, 277 
Flooded System, 119 
Frozen Foods, 673 
Furnace, 628 
Gas, 338 
Hermetic, 353 
High Pressure, 
Humidity, 630 
Low Pressure, 452 
Motor, 80, 129, 452 


404 


76, 1122 
1, 19, 76 


452 


Pressure, 133, 452 

Refrigerant, 76, 103, 451, 631 

Safety, 454 

Tester, 308 

Temperature, 80, 159, 452 

Thermostatic, 134 

Thermostatic Expansion 
Valve, 76 


Two Temperature Valve, 457 
Water Valves, 465 
Convection, 25 
Convection of Heat, 25 


Conventional Systems 
Commercial, 473, 486 
Domestic, 257 
Locating Trouble, 
Servicing, 257 
Types, 243 

Conversion Factors 
Energy, 20 
Temperature, 19 

Coolers 
Beverage, 
Bottle, 417 
Comfort, 620 
Market, 406 
Milk, 420 


287 


417, 449 


INDEX 


Unit, 620 
Walk-In, 406 
Water, 415 

Cooling 
Compression System, 94 
Cycle, 571 
Heat Pump, 
Loads, 598 
Tower, 439 

Cooling Coils 
Area, 531 
Air Conditioning, 
Beverage, 417 
Capacities, 523, 530, 536 
Commercial, 441 
Connections, 535 
Construction, 75, 225, 243, 349 
Defrosting, 441, 444, 532 
Design, 531, 672 
Direct Expansion, 75 
Dismantling, 264 
Domestic, 225 
Dry, 76 
Evacuating, 264, 297 
Fins, 408, 530 
Flooded, 79, 119 
Forced Circulation, 
Freezer, 676 
Frosting, 441, 532 
Frozen Food, 676 
Hermetic, 356 
Immersed, 449 
Installing, 279, 475 
Liner Type, 356, 676 
Liquid Cooling, 449, 536 
Location of, 225, 243 
Milk, 420 
Mounting, 534 


636 


617 


443, 535 


Non-Code Installation, 473 

Non-Frosting, 442, 533 

Overhauling, 275 

Plate Type, 356, 676 

Removing, 264 

Repairing, 275 

Servicing, 275 

Submerged, 417 

Tank Type, 417 

Types, 75, 530 

Cooling Equipment for Air 
Conditioners, 615 

Cooling Tower, 439, 625 


Cooling Unit (see Cooling Coils) 
Copper Pipe, 31 


Tubing, 31 
Crankshaft, 70, 86, 99 
Crankthrow Type, 70, 86 
Eccentric Type, 70, 86 
Scotch Yoke Type, 70, 86 
Crankshaft Seal, 71, 88 


Critical Temperatures, 28 
Crispers, 235 
Cryogenics, 30 
Crystals, Ice, 418 
Current 
Alternating, 
Consumption, 
Direct, 156 
Electric, 156 
Relay, 143 


156 
185 
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Curves, 217 
Cutter, Tubing, 34 
Cycles 


Air Conditioning, 570 
Automobile Air Conditioning, 
654 


Absorption, 327 
Commercial Mechanical, 
429, 431 


Compression, 26, 65 
Continuous, 327 
Cooling, 571 
Electric, 156 
Frozen Food Units, 
Heating, 571 
Hermetic, 349 
Intermittent, 327 
Refrigerating for Automobile, 
651 
Reverse, 638 
Secondary Refrigeration, 351 
Servel, 327 
Short, 292 
Cylinder, Compressor, 85, 98 
Cylinder Displacement, 85 
Cylinders, Refrigerant, 50, 300 


D 


Dairy Cases, 410 
Dalton's Law, 17 
Data 
Compressor, 
Motor, 175 
Sheet, Installation, 518 
D.C. (see Direct Current) 
Defrost Systems 


679 


68, 83 


Clocks, 138 
Commercial, 444 
Domestic, 135, 238, 367 
Electrice 37247 
Hermetic, 137, 365 
Hot Gas, 137, 366, 369, 444 
Reverse Cycle, 448 
Servel, 345 
Timers, 138, 456 
Warm Air, 449 
Water, 448 

Defrosting 
Automatic, 238 
Clocks, 138 
Controls, 135, 136, 138 
Cooling Coils, 444, 532 


Frozen Food Units, 674 


Warm Air, 449 
Switch, 135 
Degrees 


Absolute, 15 
Centigrade, 15 
Fahrenheit, 15 


Dehumidifiers, 617 
Dehydration, 306 
Dehydration 
Fittings, 306 
Tubing, 36 
Dehydrators, 500 
Dehumidifying, 616 
Density, 16 
Deodorizers, 236 


Depression, Wet Bulb, 564 
Desiccants, 394, 500 
Design, Baffle, 523 
Cabinet, 349, 523 
Compressors, 68, 83- 
Condensers, 73 
Motors, 159 
Detector, Leak, 282 
Devices, Fastening, 
Dew Point, 564 
Diagnosing Troubles, 
Diaphragm, Expansion Valve, 
Dichlorodifluoromethane 
(Freon 12) 
Characteristics of, 119 
Dichloromonofluormethane 
(Thermon), 200 
Di chlorotetrafluoromethane 
(F-114), 204, 207 
Die, Threading, 62 
Differential, 133 
Thermostatic Expansion 
Valve, 120 
Types of, 131, 
Dimensions, 13 
Dimensions, Cylinder, 50 
Direct Current, 156 
Direct Current Motors, 
Direct Expansion System, 
Discharge Valves, 87, 271 
Discharging Refrigerant 
Commercial System, 487 
Domestic System, 263 
Discomfort Index, 578 
Dismantling 
Cooling Unit, 266, 502 
Compressor, 269 
General Instructions, 
Hermetic Units, 384 
Refrigerating System, 
257, 375, 473 
Dispenser, Oil, 310 


59239 


133 


174 


263 


Displacement Compressor, 83, 546 


Display Case, 409 
Dairy Products, 411 
Frozen Foods, 421 
Open, 411 
Overhead Bunker, 
Rear Bunker, 409 

Distilling Apparatus, 310 

Domestic Cabinets, 221 

Domestic Refrigeration 
History, 11 
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Refrigerator Humidity, 356 


287, 379 


106 


77, 103 


Refrigerator Temperature, 216 


Domestic System 
Absorption, 316 
Charging, 283 
Compression, 243 
Compressors, 348 
Condensers, 354 
Cooling Units, 225 
Discharging, 263, 384 
Motor Controls, 134 
Refrigerant Controls, 

Door Construction, 228 
Gaskets, 232 

Draft, 581 

Draft, Indicator, 


103 


594 


DE X 


Drill, 58 
Tap, 63 
Twist, 58 


Drives Compressor, Moto 90 


Drop, Pressure, 554, 585 

Drums, Refrigerant (see 
Cylinders), 50, 300 

Dry Bulb Temperature, 563 

Dry Ice, 28 

Dry System, 243 

Dry System (see Domestic and 


Commercial Refrigeration) 


Dry Tables, 


Dryers, 393 
Commercial, 500 
Domestic, 393 
Drying, Hermetic System, 396 
Oven, 306 
System, 500 
Dryness, Determining, 717 
Duct, 573, 618 
Elbows, 589 
Resistance, 
Rectangular, 
Round, 582 
Sizes, 583 
Volumes, 
Dust, 561 


393 


585 
582 


583 


E 
Ebulators, 122 
Eccentric Crankshaft, 
Effect of Pressure on 
Boiling Temperature, 22 
Effect of Room Temperature 
on Refrigerator Capacity, 
176, 186 
Effective Latent Heat, 
Effective Temperature, 
Efficiency 
Compressor, 83 
Motor, 550 
Volumetric, 84, 547 
Electric 
Circuits, 141, 155 
Current, 156 
Cycle, 156 
Defrost, 372, 477 
Heaters, 615 
Supply, 163 


Electric Motors 
Applications, 
Armatures, 
Bearings, 
Belts, 162 
Brushes, 169 
Calculations, 549 
Capacitor, 171 
Cleaning, 161 


70, 87 


542 
572 


153 
170 
168 


Commercial, 435 
Commutator, 165 
Connections, 163 
Construction, 158 
Design, 159 
Direct Current, 
Domestic, 158 
Elementary, 158 
External Troubles, 
Fuses, 164 


174 


167, 181 
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Governor, 171 

Hermetic, 176, 187 
Horse Power, 146 
Induction, 13 
Lubrication, 
Operation of, 158 
Overhauling, 167 


Principl®s, 158 


160 


Protection, 190 
Relay, 142 
Removing, 268 


Repulsion Start-Indwcten, 
Rotation, 167 
Servicing, 167, 181 
Split Phase, 175 
Temperature, 171 
Troubles, 167, 181 
Troubles, External, 197 
Types, 153 
Voltage Connections, 16 
Wattage, 185 

Electric Refrigerators (see 

Domestic System) 


Electric Water Valves, 495 


Electric Wiring, 140 
Electrical 
Circuits, 141, 358 
Connections, 237 
Energy, 20, 154 
Heaters, 615 


System, Automobiles, f5% 


Troubles, 147, 378 

Wiring, 359 
Electricity Basic, 153 
Electro-Magnets, 15° 


Electrolytic Condenser, 172 

Electro Motive Forc®, 1°4 

Electron, 153 

Electron Flow, 154 

Electronic Leak Detettor, 

283, 492 

Electrostatic Filter, 577 

Element, Power, 107, 135 

Elementary Compressor 
Refrigerator, 2 


Absorption, 31” 
EMF, 154 
Enamel, 237, 240 
Energy, 18 


Conversion actors, 20 
Electrical 20, 154 


Heat, 18 

Mechanteal, 18 
Enthalpy, 30, 203, 206, } 
Entropy, 30, 203, 20%, 
Enzyme, &66 
Fqualizing of Pree@ure, 24 
Equalizer Tube, 11 
Equation 

Sperifie Heat, 21, 4 

Temyperatere, [7 

lat Lerexege, = 1 
bE quiprreent 

Ape Camby O * 

fF vive Ve, 

Phont iiy ] 

Purping i0 

Shop, 2 

næ rar nan 


Welding, 298 
Estimates, Service, 511 
Ethyl Chloride 
Properties of, 210 
Evacuating 
Compressor, 263 
Cooling Coil, 264, 297 
Equipment, 297 
Hermetic System, 396 
Liquid Line, 497 
Suction Line, 478 
Evaporating 
Pressures, 25 
Temperatures, 25 
Evaporation, 75 
Evaporative Condenser, 719 
Evaporator (see Cooling Coils) 
Exchanger, Heat, 451 
Expansion Valve 
Automatic, 77, 103 
Bellows Type, 105 
Construction, 77, 103 
Diaphragm Type, 106 
Installation, 103 
Noisy, 293 
Operation of, 103 
Pressure Controlled, 103 
Pressure Limited, 113 
Removing, 264 
Repairing, 275 
servicing, 275 
Systems, 244 
Temperature Controlled, 
77, 106, 117 
Tester, 307 
Thermostatic, 77, 106, 117 
Extended Surfaces (Fins) 
408, 530 
F 


F-11 (Trichloromonofluoromethane) 


198 

F-12 (Freon), 199 

F-13, 200 

F-21 (Thermon), 200 

F-22,; 201 

F-113, 204 

F-114, 204 

F-114 (Dichlorotetrafluorome- 
thane), 204 

Fahrenheit Temperature Scale, 
15, 19 

Fan Motors, 188 


Fans, 589, 662 
Attic, 604 
Axial Flow, 589 
Radial Flow, 589 
Fans for Air Conditioning 
Systems, 589, 662 
Faraday Experiment, 11, 330 
Faraday, Michael, 11, 330 
Fast Freezers (also see Frozen 
Foods), 665 


Fastening Devices, 59 

Files, 55 

Filters, 393 
Air o5 
Automobile, 662 
Carbon, 408, 576 
Electrostatic, 577 
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Hermetic, 393 
Oil Saturated, 575 
Water, 576 

Filters and Strainers, 500 


Finishes, Cabinet, 237, 240 


Fins, 408, 530 

Fish, Frozen, 667 

Fittings 
Capillary Tube, 125 
Commercial, 483, 504 
Flared, 35 
Pipe, 63 
Refacers, 46 
Soldered, 37 
Streamline, 37, 483 
Tubing, 32 

Flame Test for Leaks, 282 


Flapper Valve, 71, 87, 99, 271 


Flare 
Double Thickness, 35 
Making, 34 
Nut Ss 
Nut Wrench, 43 
Single Thickness, 35 
Testing, 35 
Flaring Tool, 35 
Tubing, 35 
Float Control 
High Pressure Side, 
TS), U2, Bele), See 
Low Pressure Side, 
79, 119, 120, 247 
Tester, 307 
Float Valves 
Construction, 79, 119 
Control Tester, 307 


High Pressure, 79, 122, 392 


Installing, 277 
Low Pressure, 79, 119 
Operation of, 119 
Pan Type, 120 
Removing, 265 
Repair, 277 
Servicing, 277 
Systems, 247 
Testing, 307 
Flooded System 
Col, 79), wie 
Control, 307 
Multiple, 504 
Removing Air from, 478 
Servicing, 265, 504 
Starting, 480 
Florist Cabinets 
Construction, 408 
Installation, 408 
Flow of Heat, 25 
Flue, Servel, 337, 344 
Flux, Magnetic, 156 
Flux, Silver Brazing, 40 
Flux, Soldering, 37 
Flywheel Puiler, 487 
Food, Cold Preserves, 12 
Food Freezing | 668 


Food Preservation Radiation, 700 


Food Storage Data, 525 

Foot Pounds, 18 

Force, 18 

Forced Circulation Cooling 
Coils, 443, 535 
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Formate, Methyl, 212 
Foundation, Motor, 160 
Fountains, Soda, 414 
Frame, Motor, 160 
Freezer Alarms, 152, 673 
Freezer Burn, 670 


Freezers (see Frozen Foods) 


Freezers, Fast, 665 


Freezing of Foods, Industrial, 421 


Freezing Plant, 422 


Freezing Temperature Brine, 


Freezol, 214 

Freon (See Fll - F114) 

Frosting Coils, 532 

Frosting Suction Line 
Cooling Coils, 291, 502 

Frozen Foods 
Alarms, 152, 673 
Cabinets, 413, 667 
Commercial, 421 
Compressor, 676 
Condenser, 678 
Condensing Units, 676 
Controls, 673 


Cooling Coil Design, 672 
Cycling, 672 
Defrosting, 674 
Fish, 667 
Freezer Burn, 670 
Fruits, 667 
Hardware, 671 
History of, 665 
Ice Accumulation, 674 
Industrial, 423 
Insulation, 672 
Locker Plants, 421 
Meat, 669 
Motors, 667 
Motor Controls, 673 
Poultry, 667 
Preparation, 668 
Receivers, 678 
Refrigerants, 672 
Refrigerant Controls, 672 
Refrigerators, 665 
Servicing, 680 
Shutting Down, 680 
Starting, 679 
Storage Time, 669 
Temperature, 668 
Troubles, 680 
Vegetables, 669 

Frozen Food Cases, 665 

Frozen Food Compartments 
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in Domestic Refrigerators, 221 


Fuel Oil, 609 
Fur Storage, 421 
Furnaces 

Coal, 608 

Gas, 615 

Oil, 609 
Furnace Controls, 628 
Fuses, 164 

Electric Motor, 164 
Fusible Plug, 482 

G 

Gage (see Gauge) 
Gas, 15 

Charged Thermostatic 

Expansion Valve, 113 


Constant, 20 
Control, 112, 338 
Definition of, 15 
Hot Gas Defrosting, 
369, 444 
Law, 20 a 
Leaks Testing for, 281, rg 
395, 479 
Pressure, 341, 26 
Refrigerant, 67 
Saturated, 543 
Superheated, 543 
Supply, 338 
Velocities, 555 
Gas Control 
Servel, 338 
Faraday Refrigerator, 330 
Gas Supply, 338 
Gaskets, 52 


(37, 366, 


Compressor, 89, 100 
Door, 232 

Gauge, 47 
Compound, 15, 47 


Manifolds for Testing and 
Servicing, 260 
Pressure, 47 
Pressures, 16 
Gauges 
Care of, 262 
Construction, 47 
High Pressure, 48 
Installing, 260 
Low Pressure, 48 
Principles of, 47 
Removing, 262 
Use of, 260 
Gear Compressor, 73 
Gear Drive, 90 
Generator, Absorption, 319 
Genetrohs (see Refrigerants) 
Gland, Packing, 89 
Glass, Sight, 495 
Governor, Motor, 
Grille, 574, 581 
Grinder, 297 
Grocery Cabinets, 405 
Gun Oi] Burner, 609 


H 


165, 171 


Hacksaws, 55 
Halide Torch, Testing for 
Leaks, 282 
Hammers, 56 
Hand Valves, 485 
Hangars, 475 
Hardware, 229, 231 
Hardware Repairs, 229 
Head Pressure, 215 
Heat, 12 
Conductivity, 
Convection, 25 
Definition of, 12 
Effective Latent, 541 
Energy Conversion Factors, 2 
Exchanges, 451, 545 
Flow, 25, 514, 596 
Lag, 603 
Latent, 22, 542 
Leakage, 514, 516, 524, 598 


Mei, Uae) 


INDEX 


Load Commercial, 

513, 52 15967 5991605 
Mechanical Equivalent of, 25 
Pump, 634 
Radiation, 25 

Removing, 12 
Sensible, 21 
Specific, 543 
Sublimation, 28 
Superheat, 543 


Transfer, 25, 513 
Unit, 20 
Usage. 520 


Heat Absorbing Capacity Ice, 22 
Heat, Lag, 603 
Heat Leakage Calculations, 513 
Air Conditioning, 598 
Ice Melting Method, 521 
Water Cooling, 537 
Heat Load 
Air Conditioning, 596 
Ice Cream, 538 
Ice Melting Method, 521 
Leakage, 513 
Usage, 520 
Water Cooling, 537 
Heat Pump 
Air Coil, 638 
Coils, 643 
Compressors, 643 
Condensers, 638 
Controls, 643 
Cooling Cycle, 641 
Cycles, 636 
Heating Cycle, 639 
Operation, 635 
Purpose, 634 
Theory, 634 
Valves, 645 
Wiring Diagrams, 645 
Heat, Specific, 21, 543 
Heat Transfer, 25, 597 
Conduction, 25 
Convection, 25 
Radiation, 25 
Heaters, Electrical, 615 
Heaters, Mullion, 361 
Heating Cycle, 570, 637 
Heating Equipment for 
Air Conditioning, 608 
Heating Thermostat, 627 
Hermetic Refrigeration 
Adding Oil, 381 
Assembling, 394 
Cabinet, 221 
Charging, 380, 399 
Circuit Wiring, 140 
Cleaning, 376 
Commercial, 434 
Compressors, 93, 100, 353 
Condensers, 354 
Controls, 353 
Cooling Cails, 356 
Cycles, 349 
Defrosting Systems, 365 
Dismantling, 384 
Dryers, 393 
Electrical Circuit, 
147, 179, 358 
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Evacuating, 396 
hıgh Side Float, 392 
History, 348 
Installations, 348 


Leaks, 395 
Mechanism, 375 
Motors, 176, 389 


Motor Controls, 129 
Motor Repairing, 187 
Motor Servicing, 181, 186 
Motor Types, 179 
Oil, 399 
Reciprocating Compressor. %3 
Refrigerants, 218 
Refrig. Controls Removing, 140 
Removing the Unit, 381 
Repairing Compressors, 388 
Repairing Motors, 389 
Repairing Units, 388 
Rotary Compressor, 100 
Service Valve, 374, 386 
Servicing, 375 
Testing, 399 
Thermostat, 134 
Troubles, 377 
Tubing, 358, 395 
Units, 348 
Valves, 374, 385 
Welding, 395 
Wiring, 140, 179, 358 
HG (Mercury), 15 
High Pressure Side, 
Float, 79, 122 
Float Servicing, 277 
Flooded System, 249, 252 
High Side Float, 79 
Removing, 268 
Hinges, 229 
History of Refrigeration, 
Air Conditioning, 559, 649 
Commercial, 401 
Domestic, 11 
Frozen Foods, 665 
Hermetic, 348 
Horsepower 
Heat Equivalent of, 18 
Motor, 166, 689 
Hase, Charging, 294 
Hot Gas Defrosting 
137, 366, 369, 444 
Hot Wire Relay, 144 
Humidification Requiremest®, 567 
Humidifiers, 616 
Humidifying Eqaipment, 616 
Humidistat, 630 
Humidity 
Absolute, 566 
Controls, 630 
Definition of, 565 
Domesti» Refrigerater. e 
Measurement, 587 
Reberd®r, 5h66 
Relative, 1406 
ttydrbget l 
Hygrometer 3 


27, 67 


H in Serv 42 


[MM te. 21 


Ice, 24 


Accumulation, 135, 238 Water Valves, 464, 489 Limiters, Pressure, 113 


Artificial, 11 Instructions to the Housewife, 241 Line 
As a Refrigerant, 24 Moving, 382 Liquid Capacities, 557 
Cream Makers, 426 Vacation, 242 Refrigerant, 81, 471, 553 
Cube Maker, 418 Winter Shut-Down, 242 Suction Capacities, 557 
Cube Trays, 236, 240 Instruments Liquid Charged Power, 113 
Air Distribution, 579 
Dey, 2A l eae aa Liquid Cooling, 449 
Facts Concerning, 24 Air Flow Measuring, 590 ate monet ane 
3 ? s 4 Liquid Line, Servicing, 497 
Heat Absorbing Capacity, 24 Ammeter, 18 Poe ao 
Melting Capacity, 24 a a A Liquid SEE ENNES 351 
Natural and Manufactured, 11 Barometer, 591 ance, 1 k 
Trays, Cleaning of, 236 Gauges, 47 i sade Crei 598 
i Manometer, 590 OASE, One 
Ice and Salt Mixtures, 24 ’ 
2 Loads, Heat, 596 
Ice Cream Pitot Tubes, 591 ; ; 
7 Th t 46 Location, Condensing Unit, 222 
Cabinets, 413, 667 ermometer, L : f Refri i 335 
4 Velocimetor S02 ocation o efrigerator, 
Cooling Load, 538 P 
Locker Plants, 421 
Makers, 426 Voltmeter, 185 à 
2 7 Low Pressure Side Float 
Ice Cube Maker, 345, 418 CUCM 185 Control, 7a: 119. 120 
Ice Cube Tray, 236 Insulation, 604 ieee ae ; 2 : : ve 
: i Air Conditioning, 604 hae Caiman ea 
Icy-Ball Refrigerator, 325 1 ; £- Lubrication 
Immersed Cooling Coil, 449 Automobile, 662 C 91. 100 
“di 604 ompressor, ? 
Pressure System, 450 Building, ated 
Sweet Water, 449 Commercial, 720 : 
Impeller, 73 Domestic, 227 M 
Improper Refrigeration Frozen Food, 672 Machines (see Refrigerators) 
287, 377, 544 Motor, 177 Machine Screws, 60 
Inches, Square, 13 Sealing, 720 Magnetic Center, 189 
Index, Discomfort, 578 Intake Valves, 270 Magnetic Clutch, 656 
Indicators, Moisture, 500 Interference, Radio, 174 Magnetic Field, 156 
Induced Magnetism, 157 Intermittent Cycle, 324 Magnetic Flux, 156 
Induction Motors, 159 iso-Butane Magnetic Relay, 143 
Capacitor, 171, 181 Properties of, 214 Amperage, 143 
Repulsion Start, 165 K Clutch, 656 
Industrial Freezing of Foods, 421 "K" Factor, 515 Current, 143 
Inefficient Unit, 287 Kerosene Burners, 336 Potential, 144 
Infiltration, 602 Kerosene-Fired Refrigerators, 321 Voltage, 144 
Inspections, Periodic, 510 Kerosene Specifications, 336 Magnetism, 157 
Installation Klixon Valve, 190 Magnets, Electro, 156 
Absorption Refrigerator, 241 Kulene, 200 Mallets, 56 
Air Conditioning, 607 Manifold, Gauge, 260 
Code, 481 a L Manometer, 590 
Commercial, 473 Lacquer Finishes Market Coolers (see Walk-In 
Condensing Unit, 482 Cleaning, 240 Coolers). 
Cooling Unit, 482 Repairing, 240 Mass, 14 
Domestic, 278 Lamps, Steri, 237 Mean Effective Pressure, 549 
Electrical Connections, 163 Lamps, Ultra-Violet, 237, 407, 505 Measurement 
General Directions, 241, 473) Lapping. 272, 200 Heat, 20, 542 
Hermetic Machines, 376 Latches, 229 Humidity, 567 
Multiple System, 473 Latent Heat Pressure, 16 
Non-Code, 473 Application of, 22, 541 Temperature, 18 
i i Effecti 541 
Refrigerant Lines, 482 eCtIVe, Meat, Frozen, 669 
Remote Mechanism, 474 Refrigerants, 23 Mechanical 
= i : Val 23, 542 
a o Mechanism, 384 a : Energy, Conversion Factors, 18 
Code, 485 Law, Ohm's, 155 m O Advantages of, 11 
Non Code RATS Laws of Refrigeration, 17, 65 ecenanism 
? Absorption, 318 
Valve, 484 Boyles, 17 Ciento, IE 
Window Unit, 623 Charles, 20 e 
; 2 Commercial, 429 
Installing Daltons, 17 š 
2 : Conventional, 243, 257, 473, 486 
Absorption Refrigerators, 241 Gas, 20 ; 
: Sis Domestic, 243 
far Conditioners, 7020 Coe ae Hermetic Refrigerator, 375 
Commercial Units, 473 Peletier, 691 : ae 4 
Cooli Unit, 277 Melting Capacity, Ice, 24 
eis aan Leak Detector, Flame, 282 Mercury Column (HG), 15 
Domestig Units, 278 Leak Detector, Electronic, 283 Metal Cleaning, 691 
E R a 280 Leaks, Testing for, 281, 395, 479 Metering Type Two-Temp- 
G a ee Leaks, Valve, 270 erature Valve, 457, 506 
aca oe ee Leveling Screw, 376 Methyl Chloride 
ubing, >, Light Pilot, 342 Properties of, 211 
Two-Temp. Valves, 457, 506 Lights, Testing, 149 Refrigerant, 694 


752 


a aan 


Substituting for Sulphur 
Dioxide, 219 
Testing for Leaks, 
Methyl Formate, 212 
Methylene Chloride, 
205, 208, 252 ae 
IML, Win Ton TS t9 = 
Micro-Organisms, 666 
Micron, 561 
Milk Cooling Installations, 420 
Mixtures, Ice and Salt, 24 
Moisture Determinations 
In Air, 563 
Moisture In Systems, 499 
Moisture Indicators, 500 
Molecules, 14, 27 
Monochlorodifluoromethane, 201 
Motors, Electric 
Adjustments, 167 
Armature, 170 
Bearings, 168 
Belts, 162 
Brushes, 166 
Capacitor, 171 
Capacitor Run, 172 
Capacitor Start, 171, 690 
Capacitor Type, 171, 690 
Cleaning, 161 
Commercial, 508 
Commutator, 165 
Connections, 163 
Construction, 159 
Controls, 80, 129, 452 
Differential Adjustment, 
LS SOS: 
Range Adjustment, 
Data, 175 
Design, 159 
Direct Current, 174 
Direction of Rotation, 167 
Domestic, 79 
Drive, 550 
Efficiency, 550 
Fan Motors, 188 
Fans, 188 
Foundation, 160 
Frozen Food Unit, 667 
Fuses, 164 
Governor, 165, 169 
Governor Troubles, 167 
Heat Pump, 643 
Hermetic, 176 
Horse Power, 166 
Induction, 159, 179 
Insulation, 177 
Lubrication of, 160 
Magnetic Center, 189 
Oiling, 160 
Overloads, 190, 550 
Pressure Control, 453 
Principles, 130, 153 
Protection, 190 
Puller Bearings, 169 
Repair, 168, 389 
Replacement Terminals, 178 
Repulsion-Start Induction, 165 
Rotation, Direction of, 167 
Rotor, 158 


281, 479 


131, 509 
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Safety Control, 454 
Servicing, 167, 173, 181, 187 
Shaded Pole, 188 
Sizes, 176 
Heat Input Method, 548 
~ M.E.P., 548 
Split Phase, 179 
Starters, 455 
Starting Stuck Motor, 18 
Stator, 158 
Stuck, 181 
Temperatures, 171 
Terminal, 178 
Testing, 167, 305 
Testing Stand, 305 
Theory, 158 
Troubles, 167, 509 
Types, 153, 159 
Volt Connections, 163 
Winding, Insulation, 177 
Wire Sizes, 175 
Motor Controls, 80, 129, 451 
Moving Instructions, 382 
Muffler, Compressor, 94 
Mullions, 361 
Multiple Systems 
Code Installations, 481 
Installations, 403, 474 
Servicing Dry Coils, 502 
Servicing Flooded Coils, 504 
N 
National Safety Code, 700 
Natural Gas, 341 
Natural and Manufactured Ice, 11 
Neutralizers, 500 
Noise 
Compressor, 292 
Expansion Valve, 293 
Hermetic, 376 
Motor, 292 
Syphon Seal, 293 
Unit, 292 
Non-Code Installations, 
Cooling Unit, 475 
Testing, 479 
Tubing, 476 
Non-Frosting Cooling Coils, 533 
Normal Charged Power 
Element, 112 


403, 474 


Nuts, 59 
(0) 
Ohms Law, 155 
Oil 
Adding to the System, 286 
Burner, 609, 613 
Care of, 49 


Charging Apparatus, 303 
Compressor, 49 
Dispenser, 310 

Filter, 575 

Fuel, 609 

Heat, 609 

Hermetic, 399 

Motor, 160 

Pressure Safety Control, 454 
Refrigerant, 49 
Separator, 463 

Traps, 463 
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Open End Wrench, 44 
Operation of 
Absorption Cycle, 321, 337 
Compression Cycle, 26, 65 
Electrıc Motors, 158 
Expansion Valves, 103, 117 
Float Valves, 119 
Thermal Valves, 106 
Orifice, 555 
Organism, Micro, 666 
Oven, Drying, 306 
Overhauling 
Compressor, 269 
Cooling Unit, 275 
Electric Motor, 389 
Overload, Motor, 135 
Protector, 135, 150 
Ozone, 577 


P 

Packaged Coolers, 621 
Packing Gland, 89 
Painting Equipment, 313 
Pan Type Float Control, 121 
Partial Pressures, 17, 329 
Parts, Cleaning, 287 
Parts of Compression Cycle, 

26, 65, 67, 243 
Pelitier Effect, 691, 720 
Perfect Gas Law, 20 
Performance Compressor, 
Perkins, Jacob, 11 
Phase, Single, 157 
Permalytic Condenser, 180 
Physics of Refrigeration, 12, 539 
Pilot Light, 342 
Pinch-Off Tool, 286 


65, 539 


Pipe, 
Copper, 33, 483 
Fittings, 63 
Threads, 63 


Piston, Compressor, 85 
Piston Pins, 86 
Pitot Tube, 591 
Plate, Condenser, 74 
Pliers, 56 
Plugs, Fusible, 482 
Policy, Shop, 314 
Porcelain Finishes 

Cleaning, 237 

Repairing, 240 
Potential Relay 145 
Poultry, Frozen, 667 
Pounds, 14 
Power, 18 
Power Flement, 112, 115, 138 
Power Flement Munting, 11 
Power Factor, 688 
Preferred Storage Pret 


216, 525 
Preparatiee af Froz- n Feal, #68 
Pressure 
Abs-eme, i 
\tmewphner’’, | 
Comprammar Vah 4 


Conder ing 
Contra, 133, 4 2 
Definition of, | 
Drop, 554, 


Effect on Boiling Point, 25 
Equalizing of, 263 
Evaporating, 25 
Expansion Valve, 
Gas, 16, 341 
Gauge, 47 
Head, 27, 67, 215 
Heat Diagrams, 200, 694 
Mean Effective, 549 
Measurement, 16 
Motor Control 
Commercial, 453 
Domestic, 133 
Refrigerant, 215 


77, 103 


Scales, 16 
Units, 16 
Valves, 457, 463 


Water Valve, 466 

Pressure Drop, 554, 585 
Pressure-Heat Graphs, 541, 694 
Pressure Limiters, 113 
Pressure Lubrication, 91, 100 
Pressure of Condensation, 

Mi, (8th, Zs 
Principle, Faraday Refrigerator 

Motor, 130 
Processing Plant, 421 
Progress of Air Conditioning, 559 
Propane, 214 
Properties of Refrigerants, 


194, 539 
Protector, Overload, 190 


PSIA, 15 
Psychrometer, Recording 
Sling, 565, 569 


Psychrometic Charts, Comfort, 569 
Puller, Wheel, 487 
Pulley, 161 
Pump, Heat, 634 
Cooling Cycle, 636 
Heating Cycle, 637 
Pump Vacuum, 396, 510 
Punches, 56 
Purging, 497 
Purging Equipment, 309 
Purpose of Air Conditioning, 560 
Q 
Quality, Refrigerant, 193 
Quantity, Refrigerant, 285, 493 
Questions, Review, Answers to, 721 


R 
Racks for Storage, 310 
Radial Flow, 589 
Radiation of Heat, 25, 603 
Radio Interference, 174 
Railway Car Construction, 425 
Range Adjustment, 131 
Ratchet Wrench, 45 


Reamer 
Bearing, 168 
Fitting, 46 


Receivers, Liquid, 
Removing, 267 
Tank, Removing, 267 

Reciprocating Compressor, 68 

Recommended Temperatures for 

Commercial Refrigerators, 
216, 525 


75, 440, 493 


Record Keeping, Service, 510 
Recording, Pressure Gauge, 486 


Thermometer, 400 


Rectifier, Servel Cycle, 326 
Refacers, Fitting, 46 


Refrigerant, 193 


Adding to System, 496 
Ammonia, 209, 694 
Amount in System, 219 
Butane, 214 

Carbon Dioxide, 196 
Carrene #1, 205 
Carrene #2, 198 
Changing, 218 
Characteristics of, 193 
Charge, 219, 493 
Charging, 301 
Checking Charge of, 219 
Classification, 195 
Controls, 76, 103, 451 
Curves, Use of, 217 
Cylinders, 50 
Discharging, 285, 495 
Distilling Appa.atus, 310 
Ethyl Chloride, 210 


F-11, 198, 695 
F-12, 199, 696 
F-13, 200, 202, 203 
F-21, 200, 697 
F-22, 201, 205, 206 
F-113, 204, 207, 698 
F-114, 204, 207, 699 


Freezol, 214 
Freon (see F-11 to F-114) 
Frozen Food, 201 
Gas, 26, 67, 541 
Gas, Saturated, 543 
Superheated, 543 
Group #1, 196 
Group #2, 208 
Group #3, 214 
Genetron (see F-11 to F-114) 
Hermetic Unit, 218 
Iso-Butane, 214 
Kulene 131, 200, 201 
Line Capacities 
Liquid, 553 
Suction, 553 
Lines 
Connecting, 484 
Copper Steel, 81, 471 
Installing, 483 
Methyl Formate, 212 
Methylene Chloride, 
205, 211, 694 
Oil, 49 
Pressures, 215 
Propane, 214 
Properties, 194, 539 
Quantity, 285, 493 
Removing, 285 
Requirements, 193 
Selection, 217 
Substituting, 218 
Sulphur Diọxide, 212 
Superheated, 543 
Tables, Use of, 217 
Thermon, 200, 697 
Transferring, 219, 285 
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Refrigerant Charge, Checking, 49 
Refrigerant Control 
Automatic Expansion Valve, 10. 
Capillary, 124, 714 
Characteristics, 103 
Hermetic, 356, 392 
High Side Float, 122 
Low Side Float, 119 
Thermostatic Expansion 
Valve, 106 
Refrigerant Cylinders, 500 
Refrigerant Dryness, 
Determining, 717 
Refrigerating Cycle, with Secon- 
dary Cooling System, 351 
Refrigerating Mechanism, 
Water Chiller, 619 
Refrigerating Unit, Assembling, 2 
Refrigeration, Basis of 
Mechanical, 12 
Commercial Application, 401 
Cycle, Absorption, 316 
Compression, 65, 67, 243 
Data Sheet, 518 
Fittings, 33 
History of, 11 
Installation, 278, 376, 473 
Laws of, 65 
Materials, 31 
Mechanical, 12 
Oil, 49 
Scope of, 12 
Systems, Commercial, 429 
Ton, 24 
Refrigerator, Care of, 238 
Refrigerator Cabinet, 
Accessories, 235 
Construction, 226 
Domestic, 221 
Finishes, 237 
Location, 238 
Wiring, 359 
Refrigerator, Charging, 283 
Refrigerator, Cleaning, 239, 240 
Refrigerator, Defrosting, 238 
Refrigerator, Elementary, 26 
Refrigerator, Installing, 241 
Location, 238 
Cabinets, Frozen Food, 667 
Frozen Food, 665 
Relays, 142 
Servicing, 149 
Types, 149 


Remote Power Element 
Motor Control, 135 
Removing Air From a System, 
284, 478, 480 
Motor, 108 
Removing Refrigerant, 267 
Repairing Hardware, 229 
Repairing Refrigerating 
Systems, 257 
Repairing Threads, 40 
Repulsion Start, Induction 
Motors, 165 
Resistance, Electrical, 155 
Resistance, Valve, Elbow,Tee, 596 
Review Questions, Answers to, 72 
Rotary Compressor, 71, 96, 100 


Rotation, Motor, 167 
Rotor Construction 

80, 98, 101, 158 
Rules, 57 

S 
Safety Code, r 
Mechanical Refrigeration, 700 

Safety Disc, 482 n 
Safety Plug, 482 
Safety Valve, Servel, 343 


Salt and Ice Mixtures, 24 
Saturation Curve, 567 
Scales Pressure, 16 
Scales, Temperature, 18, 19 


Scotch Yoke, 70 
Screens, Servicing, 498 
Screw Drivers, 57 
Screws, Machine, 60 
Seal, Compressor, 71, 88, 99 
Seal, Repairing Crankshaft, 273 
Secondary Refrig. Circuit, 357 
Seebeck, 720 
Selection of Refrigerants, 
Sensible Heat, 21 
Separators, Oil, 463 
Servel, Absorption Cycle, 319 
Servel, Absorption Systems, 326 
Servel, Connecting Unit, 340 
Servel, Servicing, 345 
Service Contracting, 511 
Serviee, Estimates, 511 
Service Valves, 81, 263, 285 
Service Valve Attachment, 386 
Servicing 

Absorption Systems, 335 

Air Conditioning Systems 

375, 487 


Automobile, 663 
Commercial Systems, 487 
Conventional Systems, 257 
Domestic Systems, 257, 375 
Electric Motors, 
167, 173, 181, 187 
Heat Pump Systems, 
Hermetie Systems, 
Set Screws, Allen, 161 
Shaded Pole Motor, 189 
Shelving, 226 
Shop Equipment, 295 
Shop, Refrigerator Service, 295 
Sight Glass, 128, 495 
Silica Gel, 394 
Silver Brazing, 40 
Single Phase, 157 
Sling Psychrometer, 
Slug, 14 
Socket Wrench, 43 
Soda Fountain, 414 
Soldering Equipment, 299 
Soldering, Soft, 37 
Solenoid Valves, 127 
Solids, 14 
Solid Absorbent, 318 
Specific Heat, 21, 543 
Split-Phase Motor, 175, 179 
Spray Painting, 313 
Square Feet, 13 
Square Inches, 
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375, 487 
375 


565 


13 
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Stamps, 57 
Standard Conditions of Air, 
560, 579 


Stands, 310 
Starters, Motor, 454 
a Compressor, 
tator Motor, 80, 158 
Storage Practice, 216, 525 
Storage Racks, 310 
Strainer, 167 
Sublimation, 28 
Substituting Refrigerants, 218 
Sulphur Dioxide, 212 
Latent Heat, 23 
Properties of, 194 
Substituting for Ethyl 
Chloride, 219 
Substituting for Isobutane, 219 
Substituting for Methyl 
Chloride, 219 
Suction Line, 81, 264, 482 
Suction Line Evacuating, 478 
Suction Line Freezing, 291, 502 
Suction Pressure Valve, 127 
Superheat, 543 
Supplies, 313 
Surge Tanks, 462 
Sweet Water Bath, 449 
Switch, Defrosting Safety 


101 


Overload, 135 
Starting, 192 
Symbols, 15 


System, Absorption, 316 
System, Compression, 65 
System, Discharging, 497 
System, Evacuating, 478 
System, Faraday, 330 


Systems, Absorption, 624 
Absorption Construction, 324 
Air Conditioning, 607 
Alarm, 673 
Automobile, 649 
Capillary Tube, 253 
Cascade, 428 
Compression, 243 


Conventional, Servicing, 257 
Dry, 243 

Flooded, 79, 119 

Hermetic, 348 

High Side Float, 249, 252 
Low Side Float, 246 
Moisture in, 499 

Multiple, 403, 474 
Thermoelectric. 720 


Sweet Water Bath, 449 
Switch, Defrosting, 137 
Ti 


T-H Index, 578 
Tables, Refrigerants, 
Tanks, Surge, 462 
Taps, 60 
Tap Drill! Sizes, 61, 63 
Technical Characteristics, 
Temperature, 18 
Temperature, Absolute, 19 
Air, 562 
Air Conditioning, 562. 626 


217 


683 
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Ambient, 29 
Control, 80, 159, 452 
Conversion of, 19 
Critical, 28 
Dry Bulb, 563 
Effect of Pressure on 
Evaporating, 25 
Effective, 572 
Equation, 19 
Evaporating, 
Wet Bulb, 564 
Temperatures, Frozen Food, 668 
Temperature Curves, 
Pressure, 217 
Temperature Measurement, 18 
Temperature Scales, 18 
Temperature Tables, 
217 
Terminals, Motor, 
Test Lights, 149 


25 


Pressure, 
178 


Tester, Expansion Valve, 307 
Float Control, 307 
Leak, 282 

Testing, for Leaks, 281, 479 
Compressor, 269 


Hermetic Units, 399 
Thermostatic Expansion Valve, 141 
Testing Stand, Compressor, 304 
Testing Stand, Expansion 
Valve, 308 
Testing Stand, Float Valves, 307 
Testing Stand Motor, 305 
Testing Stand, Thermostat, 308 
Testing, Thermostatic 
Expansion Valve, 


111 
Thermal Unit, British, 20 
Thermocouple, 691 


Thermoelectric Refrig., 
Thermometers, 46 
Thermostat, Cooling, Heating, 627 
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Thermostat, Servel, 342 
Thermostat, Testing, 141, 308 
Thermostat, Troubles, 150 
Thermostatic Expansion Valve, 106 
Capacities, 116, 246 
Testing, 110 
Thermostatic Motor Countrol#, 
134, 454 
Thermostatic Wat®r Valve, 498 
Threads, Repairing, 40 
Timers, Air Conditioning. ! 2 
Timers, Defrost, 456 
"Ton" of Refrigeration, 24 
Tools, Servicing, 31, 54, ome, 714 


Torque Wrengh, 44 
Towers, Cooling, 4% 
Transfer of Heat, 2 
Transferring Refrigerants, 2 
Trays, Ice Cebem, 23 
Trichic roth fiori t ime 204 
Trouble 
Float € owt rois, 
Hermety F t 
Light, 14 
batini o voat 
Sy@tem, ¢ 7 


Motor Cntr , i 


Refrigerant Controls, 
103, 287, 498 
Trouble Shooting 
Absorption Systems, 345 
Commercial Systems, 544 


Conventional Systems 287, 544 


Electrical Systems, 147 
Hermetic, 147, 377 
Motor Controls, 150 
Motors, 167, 173 
Refrigerant Controls, 
103, 264, 498 
Truck Refrigeration, 423 
Trukold, 325 
Tube,Capillary, 125 
Tube, Capillary or Choke, 78 
Tubing, 31, 81, 484 
Tubing, Annealing, 36 
Tubing, Bending, 36 
Tubing, Connecting, 395 
Cutting, 33, 64 
Fittings, 32, 483 
Tubing, Hermetic Unit, 64, 358 
Tubing, Installing, 64, 476, 484 
Two-Temperature Valve, 457 
506 
Types of Compressors, 68 
U 
Ultra-Violet Ray Lamps, 237, 
407, 505 
Unit, Air Conditioning, 621 
Unit, Checking Before 
Starting, 479 
Unit, Area 
Heat, 20 
Pressure, 16 
Unit, Starting (Low Side Float 
System), 480 
Unit, Temperature, 18 


Vv 
V-Belts, 162 
Vacuum Pump, 396, 510 
Valve, Absorption System, 338 
Automatic Expansion, 77, 
103 
Bellows Type Expansion, 
105 
By-Pass, 654 
Compressor, 87, 99, 271 
Diaphragm ‘l'ype 
Expansion, 106 
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Disc, 272 
Expansion, 77, 103, 555 
Hla pPper m8m o meni 
Float, 76, 79 
Plate, 88 
Valves, Care of Service, 
53, 263, 285 
Check, 123, 126, 461 
Compressor Low Side 
Pressure Control, 463 
Discharge, 87, 271 
Electric Water, 465 
Expansion, Installing, 244, 
280 
Repairing, 275 
Float, Installing, 246, 280 
Hand, 485 
Heat Pump Reversing, 644 
Hermetic, 374, 386 


Installation, 468 
Manual, 53, 468 
Metering Type, 458 
Pressure Controlled 
Expansion, 77, 103, 555 
Pressure Regulating, 341 
Refrigerant Line, 53, 485 
Repairing Compressor, 271 
Removing, 268 
Riser, 469 
Service, 53, 81, 263, 285, 506 
Suction, 87, 271 
Snap Action Type, 
Two Temperature, 459 
Solenoid, 127, 460 
Suction Pressure, 127, 463 
Thermostatic Expansion, 77, 
106, 117, 246 
Thermostatic Two Temper- 
ature, 459 
Two Temperature, 457, 506 
Water, 464 
Weight, 123 
Vee Belts, 162 
Vegetables, Fast Freezing, 666 
Velocimeters, 592 
Velocity, Gas, 555 
Ventilation Requirements, 580 
Volt, 154 
Voltage Connections, 163 
Voltage Relay, 145 
Volt Meter, 15, 519 
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Volume, 13 

Volumes for Heating, 583 
Volumetric Efficiency, 84, 547 
Vortex Tube, 683 


Ww 


Walk-In Coolers, 406 

Water Chilling, Absorption, 624 

Water Circuit Troubles, 
Tracing, 491 

Water Cooler, 415, 449 

Water Cooling Loads, 537 

Water, Latent Heat, 23 


Water Strainer, 467 
Water Valve, Electric, 465 
Water Valve, Pressure, 466 
Water Valve Pressure 
Setting, 489 
Water Valve, Thermostatic, 
468 
Watt, 21, 185 
Wax in System, 503, 681 
Weight, 14, 250 
Weight of Air, 579 
Welding Compressor Dome, 
395 
Welding Equipment, 298 
Wet Bulb Temperature, 564 
Window Air Conditioner, 623 
Wire Sizes, 175 
Wiring, 140, 235, 645 
Wobble Plate, 659 
Woodruff Key, 87 
Work and Energy, 18 
Wrenches Used by 
Servicemen, 43 
Wrench Adapters, 45 
Adjustable, 44 
Box, 43 
Service Valve, 44 
Socket, 43 
Torque, 43 


Y 
Year Round Air Conditioner, 
617 
Yoke, Scotch, 70 


Z 
Zero 
Absolute, 19 
Pressure, 16 
Zone, Comfort, 571 


